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Application of Controlled Directional Solidification 
to Large Steel Castings 


By J. A. DumA* anv S. W. Brinson**, PortsmoutH, VA 


Abstract 

A successful foundry technique has been developed by 
the Norfolk Navy Yard for the production of large and 
intricately shaped castings. The success of this technique 
has been achieved by (1) the use of miniature models 
for a critical study of the proposed design prior to the 
making of the final patterns; (2) the foundry’s insistence 
on the application of the principles governing directional 
solidification; (3) the practice of relieving molds and cores 
mechanically after pouring; (4) to the use of synthetically 
bonded silica sand mixes in mold construction; (5) to 
the high quality of the steel used and (6) to the constant 
and widespread use of gamma-ray examination of the 
internal structure of all critical sections. Brief comments 
are made on all these practices mentioned. In this report, 
actual cases are presented which illustrate the various 
ways in which the direction of solidification is being con- 
trolled successfully on large work. Anchor shanks and 
anchor crowns, globe valve bodies, main and intermediate 
struts, turbine casings, throttle valve bodies and turret 
roller track sections are some of the examples of castings 


described. 
Part 1—INTRODUCTION 


1. The tota! and partial reversal methods of applying con- 
trolled, directional solidification to castings are fairly well known 
to foundrymen. Unfortunately, the reversal systems are not ap- 
plicable to all manner and size of castings, their range of useful- 
ness being limited to comparatively small and medium-size struc- 
tures. Huge molds, containing from 10,000 to 30,000 Ib. of liquid 


* Asst. Metallurgist, Norfolk Navy Yard. 

** Master Molder, Norfolk Navy Yard. 

t Published by permission of the Navy Department. 

Note: This paper was presented at a Steel Session of the 44th A.F.A, Convention, 
May 10, 1940, Chicago, II. 
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steel, car raned for 1 sing with the same facile prompt 
ness and safety as molds containing one-tenth that amount 
metal. This does not by any means preclude the use of the principle 


of controlled, directional, solidification on large castings. Favorable 


temperature oy} idients ean be mposed upon them, but in a manner 


distinetly different from that used in the reversal systems. In the 
following pages ictual cases will be presented illustrating the var 
lous ways in which the direction of solidification is being success 
fully controlled on large wot The eastings whose manufacture 
will be deseribed are anchor shanks and anchor crowns, globe-valve 


bodies, main and intermediate struts, turbine casings, throttle-valve 


bodies, and turret-roller track sections. 

2. Controlled, directional, solidification, while admittedly in 
dispensable for the procurement of solidity in castings, per se, is 
unable to aenley flawlessn¢ SS The degree of excellence attained in 


cast structures is further dependent upon their design, the manner 
of metal handling and molding technique. Perfectly sound castings 
are rare. Therefore, for a casting to be as nearly perfect as possible, 
the best effort and the highest skill of the designer, melter, molder, 


and patternmaker must be incorporated into it 


3. An eminently successful foundry technique has been 
evolved at the Norfolk Navy Yard for the founding of large and 
intricately shaped castings, notably turbine casings. The high de 
rree of success achieved is due principally to: (1) the employment 
‘f miniature models for a critical study of the proposed design 


prior to the makine of the final patterns ; 2 the foundry’s in 


sistence on the application, to the fullest extent practically possible, 


of the principles governing directi nal solidification : (3) the prac 


tice of relieving molds and cores mechanically after pouring, (4 


to the use of synthetical \ bonded silica sand mixes in mold con. 


struction, (5) to the high quality of the steel used: and (6) to the 


constant and widespread use of gamma-ray examination of the 
internal structure of all critical sections. The wealth of technical 
information generously supplied to the Navy Yard by the Naval 


Research Laboratory likewise contributed to the success attained 


De sign 


t Comment ng very briefly on each of the foregoing prac- 


tices, and in the same order, a preliminary study of subsize models 


invariably leads to constructive changes in the original design. 











4. DUMA AND S. W. BRINSON 997 
Complicated appurtenances, which interrupt the symmetry of the 
main body, are either left off, to be cast separately, or they are left 
ntact, depending on whether or not they interfere with the proper 

c feeding of other sections, and whether or not they themselves are 
amenable to feeding. All corners are properly radiused; sharp re- 
entrant angles are suitably filleted; thin and thick sections are run 
nto each other gradually; sudden dips and sharp changes in the 


; 
? 


surface contour are straightened out; joining of other sections 1s 
hecked carefully for potential hot spots; and where possible the 
ntire transverse section is heavily tapered or padded from the 
ttom to the feeding-heads, thus simulating the big-end-up mold 
lesion of the steel mills. The placement of feed-heads and the 
manner of core anchorage are also worked out. The result usually 
s a design that is castable with the minimum amount of potential 


detects. 


Advantage Ss of Mode Is 


) 


3. Models are self paying. Costing approximately 2 per cent 


of the total founding cost « 


f a casting, they affect savings of equiva 
lent or greater magnitude. By referring to the model, the making 
of the pattern, core boxes, and mold is greatly expedited. Chipping 
of exterior padding is also hastened. 

6. Controlled, directional, solidification, when properly ap- 
plied, is generally productive of a uniformly solid casting, free 
from nearly all the shrinkage defects which are wont to afflict the 
conventionally made product, 1.e., micro-pipe, cokey texture, pro- 
nounced center-line weakness, gross shrinkage cavities, and internal 
greater length in following 


hot tears. This topic is dealt with at 
sections of the paper. 
Mold Relve ving 

7. Mold relieving is to a casting’s solid contraction what di- 
rectional solidification is to its fluid contraction. Solid contraction 
Sa problem which involves the questions of hot shortness of metal 
and deformability of molds. Relieving of molds after pouring helps 
obviate external hot tears. For a casting to tear, two conditions 
are necessary, namely: high temperature (2300-2550°F.) and high 
hindered contraction stresses (800-2500 Ib. per sq. in.)?. Since, of 
the two, the latter is controllable and therefore avoidable, the eure 
for them is self-evident. To prevent the stresses opposing contrac- 
tion from building-up to magnitudes exceeding the strength of the 


‘ Superior numbers refer to bibliography at end of paper. 
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Table 2 

> r , ronRa , ‘ ‘ 
REPRESENTATIVE ANALYSES OF SLAG AND METAL 
Composition of Oxidizing (Black) Slag, Per Cent 
Ignition 
Period Sid, CaO MgO MnO FeO Al,O;s P,O, CaS CaC, CaF, Loss 
Beginning 29.62 17.26 19.83 13.30 13.80 5.24 0.06 0.09 0.10 x None 
Ending 29.67 19.44 22.22 12.15 9.82 4.51 0.04 0.11 0.06 oes None 
Composition of Refining (White) Slag, Per Cent 
Beginning 12.62 55.70 8.69 0.77 0.62 8.90 a 0.39 1.66 9.06 1,15 
Ending 18.34 46.44 15.84 0.34 0.71 13.10" : 0.57 0.22 4.86 0.00 
Analyses of Three Heats, Oxidized to Various Degrees 
(Heat 404 
Composition, Per Cent 

Period <. Mn P. S. Si. Ni. 
After melting (ist prelim.)...... 0.20 : ; 
After melting (2nd prelim.)...... . 0.29 0.025 0.060 0.08 0.23 
Middle of refining (8rd prelim.) . 0.23 0.47 er — “ 
Final analysis . Sere 0.23 0.59 0.020 0.020 0.82 0.22 

(Heat 422 
After melting (ist prelim.)...... 0.06 ; —— , , ities 
After melting (2nd _ prelim.) 0.12 0.011 0.050 0.01 0.381 
Middle of refining (3rd prelim.). 0.14 0.36 ‘ aa ‘ ee 
Final analysis - 0.24 0.58 0.020 0.020 0.29 0.25 

(Heat 411) 
After melting (ist prelim.)...... 0.01 . aan , en eee 
After melting (2nd prelim.) noun 0.08 0.025 0.040 0.01 0.10 
Middle of refining (3rd prelim.).. 0.14 0.51 oe _ xe ees 
Final analysis . 0.20 0.59 0.020 0.020 0.32 0.08 


Approximate Amount of Flux Materials Used in Making Above Slags 


— Oxidizing Slag Refining Slag* 


Plate scrap ‘ . 12,500 Ib. Lime ...250]b. 50 percent Fe-Si .. 50 Ib. 
Foundry scrap . . 8,500 Ib. Cement... . 941b. 85 per cent Fe-Mn., .170 Ib. 
NS ha ill a 25-80 Ib. Fluorspar 90 lb. 70 percent Fe Ti .. 25 Ib. 
Limestone ... oF 250 Ib. Coke ... 15-20 lb. Al. chips........... 30 Db. 
RIE Shs sawn ‘ on 250 Ib. Pig iron... ....800 Ib. 
Ca0/SiO, Ratio. ..4.0 Approx. 


* This figure represents the sum of Al,0O; and TiO,. From all indications, the 
TiO, appears to be less than 1.0 per cent. 

0.15 per cent silicon is added before removing first slag. Immediately after 
slagging off, balance of ferrosilicon and ferromanganese is added. Final additions are: 
0.05 per cent silicon, ferrotitanium, and calcium silicide. 
oxidizing power is sufficient to bring the silicon in the charge to 
0.02 per cent or less, together with the high degree of degasification 
achieved in the refining period, plus the fairly high percentage of 
new residual silicon (0.25-0.35 per cent) in the metal, results in the 
production of a metal remarkably low in occluded or dissolved 
gases. This practice, and the results obtaining from it, in the main 


are analogous to those discovered by C. McKnight, Jr.*. 


11. Regarding ductility, examination of tensile tests of an- 
nealed steel coupons show the metal to have an average elongation 
and reduction in area of 30.0 per cent and 50.0 per cent respect- 
ively. Physical properties of representative heats of the prin- 
cipal steels made are shown more completely in Table 3. 


12. In the absence of any effort at regulation of residual 
oxygen in the metal, it is believed that these high values are the 
result of a very effective degasifying and desulphurizing practice. 


. 


The calcium carbide, present in the second slag, desulphurizes 
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Table 3 

ANALYSIS AND PHYSICAL PROPERTIES OF REPRESENTATIVE HEars 
Navy Department Specification Number...... 49Sli 46833 
Class ES ep ee IRIE Se PEAR ee Omer B C-Mo 
NN I ETN fo cody aipieia eG f o.5-455ey 9s weed 0.25 0.25 
SINE? MUN I iain Vi pincd'e eae Saw ip Oa ee 0.59 0.67 
PROPER, MOT CONE bccn ccncdcceecewsiewss 0.02 0.02 
Sulphur, per cent ........... ey ty es 0.02 0.01 
Silicon, per cent ee ee ee eee a 0.36 0.28 
Nickel, per cent phates eg a ab eich ie oe tide 0.21 0.21 
ENE. SU QNNG 6 ocasc's, 66's w 04 oo s.0-sis eis avers 0.40 
RE kis as hewedns ere teak erate nnd ahs Oe Annealed Annealed 
Tensile Strength, Ib: per 8G. in ....secccccces 70,250 73,500 
Yield Point*, lb. per sq. in. ee 43,000 45,500 
Elongation in 2-in., per cent ..........eeeee0- 32.0 28.5 
Reduction of Area, per cent ...............-. 51.5 46.0 
Bend .... Sea exK Serer slulenss a ia-atarh 180° 180 


* Dividers 


the steel to so low a value (0.010-0.015 per cent) that there are 
not enough sulphide inclusions left to cause appreciable damage 
to ductility, even in the presence of a predisposition toward inter 
granular separation. The almost complete elimination of silicon 
during the melt-down, and its subsequent replacement with new 


silicon, also helps secure higher ductility. 


Gamma-Ray Examination 


13. The sixth and final factor, which indirectly assists in the 
production of sounder castings, as was previously stated, is gamma 
ray examinations. Radiographs, when studied in relation to the ef 
feet produced by changes in design, molding, and melting tech 
nique, not only serve to locate and identify internal ailments, but 
also are instrumental in suggesting the proper remedy for over- 
coming them. Needless to add, many of the newer advances made 
in the art and science of founding have been made possible through 


radiography. 


14. Anticipating possible criticism of the foregoing and of 
what follows, the authors hasten to add that the topics covered in 
paragraphs 4 to 13 do not treat principally of the causes of de 
fects but of certain specific operations and conditions, proper and 
improper, and of their effect on the formation of certain defects 
The authors realize that the causes for a great many casting defects 
are more often plural rather than singular in character, and that, 








t 
w 
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erefore, they can be caused by conditions other than the one 


liscussed in each paragraph. 


15. For instance, pinholes can be the result of several dis- 

tly different major classes of unfavorable conditions, to wit: 
gasy metal, improper pouring technique, faulty mold construction, 
unsuited chemistry of sand and of metal; or they can be the prod- 
wt of a multiplicity of closely related unfavorable conditions 
vithin a single major class. For example, under faulty mold con- 
struction, the unfavorable conditions would be: high moisture 
sands, low permeability sands, hard ramming, insufficient venting, 
damp cores, rusty and wet internal and external chills, unsatis- 
factory chaplets, unsuitable facings, poor washes, ndn-refractory 


parting dusts, ete. 


Part 2—THE PRINCIPLE OF DIRECTIONAL SOLIDIFICATION 


16. The principle of controlled, directional, solidification has 
been expertly described in an article by the late George Batty’. 
A more extensive treatment of the laws governing its operation is 
contained in an article by C. W. Briggs, R. A. Gezelius and A. R. 
Donaldson’. For those few who are unfamiliar with its modus 
operandi, we venture the following elementary explanation. The 
physical laws governing the direction of solidification shall be con- 


sidered first; and secondly, the genesis of internal unsoundness. 


Effect of Heat-Flow on Crystallization 

17. Solidification, or preferably crystallization, always pro- 
gresses in the direction of the hottest metal, i.c., along the lines of 
heat flow, the erystal growth takmg place in the direction opposite 
to that of the flow. This process of growth in directions at right 
angles to the isothermal surfaces, and opposite to the lines of heat 
flow, governs the crystalline arrangement of all castings. The posi- 
tion and form of the heat isotherms, in turn, are determined by the 
geometry of the container and the conditions of cooling. The iso- 
graphs in Figs. 1 to 3 illustrate the influence of the shape of the 
container on the heat isotherms and the consequent crystal arrange- 


ment in each. 


Solidification of Steel in a Mold 
18. In the light of the foregoing, witness what happens after 
molten metal has been poured into a mold. Immediately upon con- 


tact of the molten metal with the relatively cold walls of either a 
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236 APPLICATION OF DIRECTIONAL SOLIDIFICATION TO STEEL CASTINGS 


sand or a metallic mold matrix, an initial thin skin solidification 
occurs. This outside skin, consisting of exceedingly fine chill crys 
tals, fixes the external dimensions of the ingot. Using the chil 
crystals for their base or nucleus, a somewhat different and larger 
type of dendritic crystallization then begins to form, or rather groy 
inwardly into the mother liquid. The arrangement and direction 
of growth of these columnar dendrites is determined by the iso- 


therms peculiar to the mold being used. 


19. Let us say that the mold in the present instance is ree- 
tangular in cross section. The isograph in Fig. 2 shows that the 
center is the hottest, and the corners, the coldest, parts of the ingot. 
From the graph in Fig. 4, it is evident that the greatest number of 
nuclei, and therefore crystals, will form at the corners. After an 
appreciable interval of time, a fewer number will form at the sides. 
The growth and orientation of these exceedingly long dendrites 
must needs be uni-directional, 7.e., normal to the isothermal sur- 
faces. True, crystal growth, if unimpeded, is invariably uniform 
in four directions. In this particular instance, however, the walls 
of the mold prevent growth outwardly; the growing arms or see- 
ondary axes of adjacent crystals soon meet one another and arrest 
all growth in any of the directions parallel to the walls of the mold: 
and the only direction remaining for uninterrupted growth is per- 
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Fic. 4—Typicat Nucter NumBer-TEMPERATURE CurRVE. (RosENHAIN) 
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Fic, 5—BrEaKDOWN oF a Hor-cast Metrat INGor SHOWING THE Errects oF DIRECTIONAL 
GrowTtH (BREARLY). 

pendicularly inward, where the metal is still too hot to allow of 

the formation of fresh nuclei. 


20. Columnar crystals may, or may not, fill up the whole of 
the ingot, depending on the conditions prevailing during solidifica- 
tion and the amount and kind of deoxidizers used. Generally, in 
large ingots and in heavy sections, the center is cooled to the freez- 
ing point before the columnar crystals have grown across the ingot. 
lf that be the case, the remaining metal then solidifies from many 
independent centers, the result being a center made up of fairly 
fine equi-axed erystals arranged in no particular geometric pat- 


tern. 


21. As the dendrites advance inwardly from the four enclos- 
ing walls, with cooling, they eventually collide with each other on 
the geometric diagonals of the ingot. These diagonals, formed by 
the transerystalline effect of the side walls, are clearly manifest 


in Fig. 2. 


22. Solidification is a three dimensional phenomenon, 1.e., 
metal freezes across as well as up the cast member. As a result, the 
cold ingot assumes a structural arrangement consisting of four 
triangular prisms composed of long columnar crystals, one face of 
each prism corresponding to the interior face of the mold against 
which it formed. The growth of erystals from the bottom has 
proceeded in a similar manner, so that the four triangular prisms 


rest each on one face of a four-sided pyramid or base-cone as 
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] 


shown in Fig ». This mode of cry stallization leaves the steel poten- 


tially weak at several places namely : the junction of each eolumnar 


crystal with 1tS neighbors; the junction ol each set of columnar 


_— 
erystals; and the junctions ol 


he columnar and the equi-axed 
erystals. A large number of the cracks occurring in steels either 
originate or eventually locate themselves in the above zones of 


weakness 


23. Some metallurgists distinguish between two kinds of 
solidification, i.e., progressive (laterally across the member) and di 


rectional (vertically up the member). In a great many instances, 


however, it Is ex eedingly difficult to disentangle the two. Pointing 
out the differences between them, it is stated that transverse or 
lateral freezing, aside from engendering certain zones of weakness 
in the form of cleavage pianes, plays a relatively passive roll in the 
creation of defects. Because of this, foundrymen pay little, if any, 


attention to it. Upward or vertical freezing, on the other hand, 


exerts a decided influence on the efficiency of the feeding system, 
and the refore, on the soli LIT of castings. If properly directed, it 


is a potent force for the promotion of integral soundness; but if 


allowed to proceed randomly, without any attempt at regulation 
of temperature gradients, it will cause a disastrous proportion of 
the castings to be unsound. The fundamental difference between 


the two kinds of freezing is that the direction of the latter ean be 


controlled, while that of the former cannot 


Causes oft ss lidification De feet 


24. Concerning defects, in addition to the internal cracks re 
ferred to in the preceding paragraph, there are other serious solid 
ification ailments from which castings frequently suffer, namely 


pipe (major, secondary, and micro), internal shrinkage draws, and 
center-line weakness. The cause for their formation is the diminu- 
tion in volume (approximately 3 to 5 per cent) which normally oe- 
curs during the transition of the metal from the liquid to the solid 
state. As the outer layers of liquid metal become progressively 
densified by solidification, other liquid metal from the hotter in- 
terior portions flows outwards to the solid crystals which have al 
ready separated. So long as this influx of liquid metal to the solid 
ifying areas can take place, the production of a solid casting is pos- 


sible; when the supply fails, internal cavities result. Piping can 


be eliminated from the casting by localizing it in properly propor- 
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Fic. 6—Secrion oF A STEEL CasTinG SHOWING CENTER-LINE SHRINKAGE DEFECTS, NOTE 
THat THey Are Locarep IN THE NON-ORIENTED CENTRAL ZONE OF CRYSTALS. 


tioned, suitably-located, and efficiently-feeding shrink-heads or 


risers, 


25. The stubbornest of all defects is center-line weakness. It 


is a defective condition of metal consisting of tiny (micro and 
macro) crevices with dimensions often on the order of a fraction of 
a millimeter, with irregular and ragged outlines (Fig. 6), and with 
non-oxidized walls. With reference to the equilibrium diagram of 
iron-carbon alloys, center-line weakness is believed to occur in the 
temperature range bounded by the liquids and solidus lines, and 
is formed by the contraction on freezing of the last portion of the 
liquid enclosed by surrounding partitions. Thus, no center-line 
weakness is to be found in the oriented peripheral zone of castings 
and ingots in which basaltic crystallization progresses uniformly 
inward without encircling any remaining liquid. The defect is 
found, however, in the non-oriented central zone of crystals, where 
dendrites growing in various directions meet. 


Effect of Mold Reversal 


26. It has been repeatedly demonstrated by good authority 
that freedom from the above defects can be obtained with con- 
trolled, directional, solidification. In Figs. 7 and 8, is indicated the 
manner in which a sound and an unsound condition of metal is ob- 
tained, using controlled, directional, solidification and an orthodox 


foundry method of casting respectively. The contour lines mark 
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(Batry). 


CASTIN( 


Barry 


successive skin thicknesses and show the prog 
Left, the example is top- 
In Fig. 7—Right, 
gated, as is customary with most steel cast 
the example is bottom-gated into the riser 
r is completed, the mold is reversed through an 


riser into its proper feeding position 
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27. It will be seen that, while example, Fig. 7—Left, presents 
lence of little or no adverse temperature gradient, example 
Mie, 7—Right, shows considerable evidence of such an adverse tem- 
ture gradient. Fig. 8 illustrates how a favorable temperature 
lient is produced with complete reversal of the mold. From a 
study of the sketches, it is evident that soundness is assured only 
the direction of solidification is progressively upward from 
hottom to the feed-head of the mold. To insure freezing of the 

tal in the upward direction, there must be imposed upon the 
ling system, a decided temperature difference between the top 


| bottom metal, t.e., the temperature of the metal in the feed 


ad must be higher than that of the metal in the bottom of the 


mold 


28. Practical difficulties often deter the establishment of a 
vorable temperature gradient in a great many castings, especially 
when orthodox foundry methods are followed in making them. The 
difficulties can be circumvented, however, by an ingenious use of 


one or more of the following methods of casting manufacture. 


1. Banking or Partial Reversal, 20-45 

2. Top-pouring of Risers 

3. Heading. 

4. Gating—parting, multiple, and stepwise. 
5. Chilling, Coring, Design. 

6. Padding—outside, inside, eccentric. 

7. Sectioning or Partitioning of Castings. 


8. Preheating the Cope. 
Part 3—SPEcIFIC CASES 


Anchor Shanks—illustrating Control by Banking 


29. Of the many marine castings that the foundry makes, 
anchor shanks are probably the most adaptable to controlled solid- 
ification. They are long, slightly tapered, solid members of rec- 
tangular eross section with liberally radiused corners. Their de- 


S 


gn is completely free from re-entrant angles, differential sections, 
and changes in direction. The absence of all but one smal! internal 
‘ore in the shackle-bolt hole also makes for integrity in the subject 
‘astings. Fig. 9 depicts the general outline of a shank for a 20,000 


b. stockless anchor, with gate and feed-head attached. 
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Fic. 9—SHANK For 20,000 Pounp SrocKLEss ANCHOR WITH GATE AND FEED-HEADS ATTACHED 


30. The procedure of mold manipulation involved in direct 
ing solidification up the shank is quite simple. The mold is tilted 
at a small angle (20°) on a bar or rail on the foundry floor so that 
the ingate and feed-heads are located at the low end of the mold. 
After pouring is completed and the vent sealed, the mold is re- 
versed through an angle of about 20° to brine the feed-head into 
the requisite superior position in relation to the casting. 

31. Using the above practice, it is possible to produce over 
all temperature gradients of approximately 700-900°F. in the 
shank. Inasmuch as the efficiency of the feeding or heading system 
is a function of the temperature gradient imposed on the solidify- 
ing metal, it is apparent that whatever can be done to widen the 
temperature gap between the vertical extremities of the casting 
will result in a sounder product. In this connection, the following 
additional steps are taken to secure a steeper heat gradient: (1 
slow pouring; (2) filling feed-heads from the top; and (3) heat- 
insulating the top of feed-heads. 

32. Slow Pouring. It is not difficult to see how slow pouring 
creates increased temperature differences. Metal solidifies as a re- 
sult of transference of heat from itself to the mold. In its transit 
through the mold, it cools by an amount which is proportional to 
the duration of its contact with the mold, and the ratio of the con- 
tacted mold area to the thickness of the metal stream passing over 
it. The essential feature of pouring, therefore, is that the molds 
shall be filled as slowly as practicable. 


99 
oO”. 


Too rapid filling of the mold results in greatly reduced 


temperature gradients, and oppositely, too slow pouring is produc- 
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bo 


ve of castings having a defective surface, scabbed and pock- 


rked on the cope side. 


34. Scabbing, by slow pouring, occurs in the following man- 
ner. The drag, or bottom surface of a mold generally escapes in- 
ury because the weight of the overlying hot metal overwhelms all 

ting and bulging forces generated within it. No such damping 
‘tion 1s exerted on the disruptive forces acting on the cope or 
p surface. Here the intense radiant heat, given off by the slowly 
rising metal beneath, acts on the cope, causing it to crack and swell. 
[he cracked and loosened surface is then either pulled down by 


gravity or dislodged by the wiping action of fiowing metal. 


35. This burning down of the cope can be remedied in one 
of four ways: (1) faster pouring, (2) more thorough nailing of 
the cope surface, (3) an increased use of crabs in the cope, or (4 
strengthening the bond of the sand in the cope with more bentonite. 
The subject shank was poured with approximately 1.0-in. rise of 
metal in the mold per second. This speed was obtained with a 2% 
in. pouring nozzle and a 4-in. in-gate. 

36. Casting Temperature. A word is probably in order con- 
cerning the effect of casting temperature on the quality of the 
metal. Pouring temperatures which are too low, even if sufficiently 
high to avoid cold sluts, may not permit risers to perform their 
primary function of feeding the casting or to carry off slag, dirt 
and dross. Casting temperatures on the other hand which are too 
high, aside from increasing liquid shrinkage and quite apart from 
other disadvantages attaching to them, reduce the rate of solidifica- 
tion, because the excess heat of the metal is communicated to the 
mold before the freezing point of the metal is reached, so that the 
thermal capacity of the mold is largely exhausted before solidifica- 
tion begins. The resulting very gradual solidification produces not 
only a very coarse structure, but allows the occurrence of serious 
segregation. It is, therefore, an almost universal rule that casting 
temperatures should be kept as low as possible, consistent with 
adequate fluidity of the metal to allow proper filling of the mold. 
The approximate casting temperature of the metal used in making 
the shanks was 2850°F. 


37. It was stated earlier that the practice of filling up feed- 
heads from the top, after the pouring of the easting proper is com- 


pleted, is further assurance that the metal in the upper levels of 
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the mold will be hottest. Covering the risers with anti-piping n 
terial retards their cooling considerably and thus it, too, tends t 
promote better feeding. The riser on all shanks was treated in just 


such a manner. 


38. The data, given in Table 4, relates to a shank for a 20,000 
lb. anchor. It will be noted that dry steel facing sand and used 
sandblast sand were used in making the mold and core respectively 
The reason for this is that the relatively harmonious design pos 
sessed by the shank presents no problem in mold resistance. Sand 
blast sand cores impart a very smooth finish to the easting surface 
they are not used where a high order of ready and immediate « 


lapsibility is desired 


Anchor Crowns—lIllustrating Control by Top-Pouring of Risers 


39. Instances where top-pouring is employed, per se, as a 
means to secure directional solidification are rare; instances where 
it is used conjunctively with other methods are legion. Top-pour 
ing is accomplished in one of two ways: (1) either the casting to 
gether with its risers, or (2) the risers alone, are top-poured. When 
it is not feasible to pour a casting via a top gate for fear of ex 
cessive erosion of the mold, the next best procedure is to bottom 
pour the casting up to the level of the risers, and then top-pour 


the risers. The latter practice is the more common. 


40. Conerete examples, illustrating the employment of the 
latter method for directing solidification, are anchor crowns and 
large monel metal propellers. Both of these castings, by design, 
are subject to differential freezing. The thin flukes on the anchor 
and the thin blades on the propeller congeal rapidly, while the 
more massive sections, particularly the feed-heads, remain fluid for 
a long time. Even if the above were to be bottom-poured com 
pletely, it is apparent that the adverse temperature gradient pro 
duced by bottom-pouring would not only be short-lived but would 
soon reverse itself into a favorable one by the lower surface-area 
to volume ratio of the heavier base and feed-head sections. 

41. The remarks made under anchor shanks, concerning the 
speed of pouring, temperature of metal, and mold resistance, also 
are applicable to the crown. The data shown in Table 4, pertains 
to the making of 20,000 lb. anchor crowns. 


42. Two undesirable conditions attended the manufacture 
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of large (20,000 and 25,000 lb.) anchor crowns, viz., seabbing of 


the cope surface, and low dynamie strength at 42-52°F. in the 


heavier sections. 


13. Navy Department Specification 6A2 for stockless anchors 
requires that they be drop-tested from a 12-ft. height. Fig. 10 pie- 
tures a macro-etched section of an anchor fluke which had failed 
in cold weather in the drop test. The physical strength of the metal 
in close proximity to the fracture, and in the locations indicated on 
the photograph, is recorded in Table 5. Susceptibility to cold brit- 
tleness under impact was partially overcome by increasing the 
holding time, on annealing, from 30 to 38 hr., together with the em- 
ployment of approximately 1000 lb. of internal chill bars (14-in 
thick by 115-in. wide by 12 to 36-in. long) arranged checkerwise 
in the flukes. It is the policy of the foundry to rarely resort to the 
use of internal chills, in fact, not at all, in small size sections (up 
to 9-in. thick). Regarding their use in heavy sections, there are 


oceasions, such as this one, when their use is well nigh unavoidable. 


14. Seabbine was eliminated to a large degree with faster 
pouring, with increased nailing of the cope, and by shading the 


cope W ith internal chills against the intense heat of rising metal. 


Globe-Valve Bodies—Illustrating Control by Heading 

15. Control by heading is practiced on small castings whose 
design is either not amenable to, or makes uneconomical the use of, 
the reversal methods of casting. Favorable temperature gradients 


are produced by risers only when their ratio of surface-area to 





Fic. 10—Cross Secrion oF 20,000 Pounp ANcHor Crown. OBSERVE THE SoLipiry or METAL. 
Squares Mark Location or Test SPECIMENS TAKEN FOR TABLE 5. 
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volume is considerably 


of the casting which they 


facet that the velocity of sol 
any definite time after pol 


ified per square inch of m¢ 


Figs. 11 and 12 show tl 
solidified per unit surface- 


pouring 


16. It is apparent fr 


form of riser is, most pr 


difficulties in economical] 


same volume, the next most efficient form of 


temperature is the cylinde 


then the flat rectangular types of risers 


difi 
lring, 
ld » 

] 
ie Tels 


area a 
om 
padly 


apply 


wr. BY 


ess than the ratio of surface-area to volum: 


surmount. This is predicated upon t} 


‘ation is a constant, that is, that at 
the weight or volume of steel solid 
urface is the same*. The curves j; 
ition between the volume of stee 
nd the time which has elapsed after 
study of the graphs, that the idea 

a sphere but there are practica 
ing such a form of feeder. For th 
riser or reservoir of 
llowing this come the square, and 


To illustrate by way of 


a concrete example, Table 6 shows the relative feeding efficiencies 


of differently shaped rise 


rs of 


identical volumes. 


17. Steel castings often give the impression of being too 


heavily burdened with rise 


3 to 5 per cent and yet th 
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Table 6 


FEEDING EFFICIENCIES OF DIFFERENTLY SHAPED RISERS OF 


IDENTICAL VOLUMES 


imount Time to 

Solidified in Completely 

“ol, Weight, Area, 1 min., Solidify, 
} m and Size of Riser cu, in lb. sq. in, lb. cu. in, Min. 
Sphere: 6-in. diameter.... 113 32.0 100 12.1 42.7 12 

Cylindrical: 

ae ee eee 113 32.0 120 14.5 51.2 | 
Square: 35x3%x8%-in.... 113 32.0 135 16.3 57.5 3.6 
Plate: 2%x6%4x8-in....... 113 32.0 160 19.4 68.4 2.7 
Plate: 18x10s2x8-in...... 113 32.0 220 26.6 93.8 1.5 


eads is 25-50 per cent of the casting. There are times when the 


ise of large risers is warranted, namely: when their form is such 
that they have a low thermal efficiency; when they are intended 
to be used as reservoirs of temperature to direct solidification ; and 
when the cope selected for the job is too high. Flanged castings, 
like the one shown in Fig. 13, owe their solidity to the effective 
feeding of their large risers. The area to volume relation between 
the casting of Fig. 13 and one of its risers is the following: 


Metal Immobilized* 


Area, Volume, Weight, Ratio, 2 min, 3 min, 

sq. in. cu. in lb V/A After Pouring 
Casting ...... 1240 875 248 0.70 203 lb. Solid 
a 224 240 68 1.07 37 Ib. 46 lb. 


*Calculated from Fig. 11. 
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| 


48. The mold for the above casting was made in green stee 
facing sand (mixture ld, Table 1) so as to permit the flanged ends 
to pull toward each other with the least possible resistance. Hin 
drance to contraction was lowered still further by using a baked 
oil sand eore (mixture 7d, Table 1) topped off with green stee! 
facing sand (mixture 2a, Table 1). If the shell of the baked bot. 
tom core be not too thick, composite cores of this kind help avoid 
longitudinal cracking of the casting. Vee-notching the shell on the 
inside has been suggested as still another possible means for increas. 
ing core collapsibility. Attention is directed to the smoothness of 


surface possessed by these castings. 


Struts—Illustrating Control by Gating 

19 Gates, the actual points at which molten metal enters 
the mold, not infrequently provide an excellent means for directing 
solidification. Of the three fundamental classes of gates, top, part- 
ing, and bottom, only the first two are capable of producing favor- 
able temperature gradients. This they do by virtue of their elevated 
location. All other things remaining equal, it is obvious that the 
portions of the casting farthest away from the gate or entering 
point of the metal will freeze first and that freezing will tend to be 
directed from this farthermost position towards the gate. Thus a 


gate situated at or near the top of the casting will direct solidifiea 





Fic. 13—-SEvEN INcH VALVE Bopy. ILLUsTRATING CoNTROL OF SOLIDIFICATION BY HEADING. 
OsBsERVE THE SMOOTHNESS OF THE STEEL SURFACE. 
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tion up to itself; while a gate situated at the bottom of the casting 
will, by the same token, direct solidification down to itself. The 
direction of the latter, as explained elsewhere, is counter to that re- 


quired for efficient feeding. 


50. Large castings are rarely, if ever, top-gated. No sand 
mold ean withstand for long either the cutting action or the impact 
of a vertically falling column of steel. The attendant bottom splash 
and turbulence of metal also inflict severe damage upon the casting 
Because of this, parting and bottom gates are used almost ex 
elusively. Parting-gates are considerably less damaging in their ef 
fect upon the mold. In fact, the tendency to mold erosion is al 
most entirely eliminated when several of these gates supply the 
metal to the mold simultaneously. Multiple gating slows down the 
speed of the metal, causing it to run down the banks of the mold 
in quiet, and smoothly descending streams. Parting-gates of the 


multiple type are shown in Figs. 13, 18, and 21. 


51. Bottom-gating, despite the adverse temperature gradients 
it creates, enjoys the greater popularity among foundrymen. It is 
regarded as being the orthodox method for gating castings. The 
reason for its widespread popularity is its ability to introduce 
metal into the mold with a minimum of metal and mold disturb- 


ance. 


52. On occasion, bottom-gating can be made to function in a 
manner analogous to top-gating. By way of an actual illustration, 
reference is made to Fig. 14—Top whieh shows a large strut casting 
with a single downrunner or sprue connected to the hub section 
through three gates. All three of them lie in the same vertical plane 
but at different elevations: one at the bottom, one in the middle, 
and one close to the top. During the pouring of the mold, nearly 
all the metal in the lower levels is introduced by way of the bot- 
tom gate; that in the higher and topmost levels, by way of the 
middle and top gates respectively. And lastly, after the casting 
proper has been poured, each of the three risers is individually top- 


poured. 


53. Immobilization of metal in the direction of the feed-heads 
is further assured by the internal padding of the bore Fig. 15 (ob- 
tained by putting on 0.44-in. per ft. taper on the core), and the 
placement of two external metal mounds directly over the junction 


between each arm and hub. By gating and padding in this man- 
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Fic. 15—SHOWING INTERNAL PappING ON Bore oF STRUT 
ner, and top pouring of risers, there is thus produced a pronoun- 
cedly favorable temperature gradient in both mold and metal 
which predicates throughout the whole casting. 


54. Five to eight min. after pouring, the drawbacks in the 
mold are loosened to permit the casting to move in with the least 
possible mold resistance. Twenty min. after pouring, all me- 
chanical restraint on the drawbacks is removed. 


5). Until the above practice had been developed, consider- 
able difficulty was experienced in obtaining good castings. The sub- 
stitution of external pads for external chills between the arms and 
hub, and the employment of a readily detachable green sand draw- 
back in the crotch, aided greatly in the production of sound struts. 


56. The mold for the above casting consists essentially of a 
large drag and three small copes for the risers. In the drag, and 
between the arms of the strut, there are three drawbacks: one 
against each of the two arms, and one in the crotch of the arms. 
Both dry and green sand mixes have been used successfully in the 
two-arm drawbacks, the green sand generally yielding the superior 


product with respect to surface appearance and freedom from hot 
tears between the arms and the hub. The core is made from dry 
steel sand (mixture 2i, Table 1) and extends beyond the top of 
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the riser. Preceding the positioning of drawbacks and cores, th, 
mold is dried with salamandrine heat. Four-in. terra cotta sleeves 
are used for the gates and sprue. Additional data in Table 7 give 


information on the amount of metal in risers and padding. 


Table 7 
Meran DistrRiBuTION IN MaIn (Two-ArM) Strut CaAstini 


We igh c. Per Cent of Tota 


lb. Weight Used 
Casting with Gates and Risers Attached... 14,200 100 
Finished Product, Machined 7,140 50 
Gates and Risers, Ribs and Fins 2 800 19 
Outside Padding, Mounds 700 5 
Metal Removed from Bors 3,560 26 


Low Pressure Turbine Casings Illustrating Control by Chilling 


57. Present day foundry technology looks askance upon thi 
use of internal chills, and seldom relies upon external chills alone 


for controlling the direction of solidification. The primary pur 


pose of externally applied chills, as used today, is to eliminate ad 
verse local temperature gradients set up at junctions of thin and 
thick sections, and at locations of extra mass (hot spots) found 
at positions of joining sections. Hot spots, and junctions of dis 
similar sections, are the loci of stress generation, stress concentra- 
tion, and hot tear formation. This is so for the reason that thick 
sections require more time for solidification and cooling than thin 
sections. It is not impossible for a thin section, integrally con 
nected to a heavier one, to be completely solid and appreciably 
eooled while the heavier section is still solidifying. The temperature 
gradients so established will result in different rates of contrac- 
tion and hence the formulation of stress. Centralization of stresses 
occurs at sharp corners and abrupt changes in section. Cracking 


; 


will oceur at the weakest section, which, of course, will be the hot- 


test section 


58. Hot spots may be searched out by the inscribed circle 
method of Heuvers® as illustrated in Fig. 16 (a). They can be 
eliminated with design, external chilling, and internal coring. The 
first and last operate by equalizing the sections; chills, by equa! 


izing the rates of cooling of different sections. The joints shown 
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Square corners Rod %-in. R. Fol %-in. R. Fed %-in. R 
Area of defect 0.C. 414-in. R. 0.C l-in. R. C.A 0.70 sq. in 
2.05 sq. in. No defect. Core: 2-in. diam E.P. 1.87-in 
Square corners ‘<. 14-in. R. Fe 1%-in. R. 1-in. dia. chills plus 
Area of defect O.R. 5-in Cored 2-in. dia !-in. plate chill 
3.5 sq. in, No defect hole. C.A. 5.81 
No defect E.P. 5.56-in 
45° angle Rie ¥%-in. R. LX. %-in. R 1-in. dia. chill plu- 
Area of defect O.R. +14-in. Core: 2% x 2-in 1-in. chill plates 
3.3 sq. in. No defect. ellipsoid CA: 78 
E.P 9.05-in 
Square corners. L.C, 1-in. R. LC %-in. R. Triangular chills 
Area of defect O.R 5-in. Rectangular core. C.A. 10.76 sq. in 
5.5 sq. in. Area core: 5.56 E.P. 15.2-in. 
sq. in. 
60° angle. 1.C, %-in. R. . %-in. R. Triang. chill plus 
Area of defect O.R. 5-in. R rriangular core. 1-in. chill plates 
2.7 sq. in CA 6.50 
E.P.— 10.14-in. 
<. INsIDE CoRNER 
0.C, OursipE CoRNER 
C.A.— Cut AREA 
E.P.— Errective Perimeter 
O.R.— Ovurtsipe Rapivus 
R. Rapius 


Fic, 16—Five FuNDAMENTAL MeETHoDs oF JOINING SECTIONS aND How Jormnts Can Be 
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in Fig. 16 illustrate the five basic ways in which sections join, and 
the manner of mass distribution necessary for the avoidance of hot 

Excepting for the arrangement and a few minor 
the original sketches are those of Briggs, Gezelius 


It is evident that not all liberal radii are beneficia 


spot formation 
modifications, 
and Donaldson 
Those imposed upon the joint by the addition of metal aggravate 


e 


the temperature gradient in the hot spot; those formed by 


subtraction of metal, ameliorate it. It must be remembered, too 


though some designs are excellent from the standpoint of ob 
very poor designs from 


that 
taining solidity of section, they may be 


‘mm 


the standpoint of uniform transmissibility of stress. 


59. <Actual instances, illustrating the application of chilling 
to areas harboring local adverse temperature gradients, are shown 
in Figs. 17 and 18. In Fig. 17, numerous V, X, and Y joints are 
evident, some very remote from the feed-heads. Using the method 
of inscribed circles for determining the size of hot spots, the dia 
le at the intersection of the X is 184-in 


meter of the inseribed eirels 
The hot 


as compared with that of %4-in. in the intersecting arm. 
spot in each of the X joints was eliminated by means of four large 


triangular chills: two 3x3x5-in., and two 2x2x3-in. in eross sec 





ano X JOmNrTs. 


P. Tursine Casinc, SHowine V, Y, 








[UMA AND S. W. BRINSON F 


~] 


to 





4 


S—H.P. Torsine Casinc (Tor Harr). Iciusrrating AppLication CHILLING POR 


CONTROLLING SOLIDIFICATION, 
tion. The total effective perimeter and the cross sectional area of 
the four chills were 20 in. and 12.5 sq. in. respectively. No chills 
were used on the V or Y joints. Instead, the entire joint in every 
‘ase Was tapered (14-in. per in. 


and the leg of the Y, spread as 
pictured. In this manner, the potential area of shrinkage was 
chased into the padding on the inside of the casing, whence it was 
removed with the padding, during rough machining. Radiographic 
nspection of the joints found them to be sound. 


60. Fig. 18 is an example of a more extended use of chilling 


r the control of solidification. It will be noted that nearly every 
reentrant angle contains a chill. The manner of abstracting heat 
‘rom heat-retaining pockets is clearly manifest. Chills are present 
in all places where adverse temperature gradients tend to build up, 

at the foot of isolated pads, bosses, flange 1ecks, and at the 
utersection of all planar surfaces. One-ineh, round, 


i 


steel chills 
were used on the subject casting. Comparing chilling methods with 
padding methods, it is stated that a greater degree of soundness is 


btained in eastings of the subject type with the latter 
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Struts and Turbine Casings Illustrating Control by Padding 
61 Struts. Molds of big-end-up design were proposed and 
used experimentally by steel producing plants more than 50 years 
ago. Since that time, they have been more and more widely used i 
industry until today their use is well nigh universal. Despite their 
widespread use and their proved worth in the manufacture of ingot 
steel, tapered molds were not used by foundrymen for many 
years. It is only recently that steel foundries began applying tape 
to steel castings. Foundrymen are now convinced that, in order 1 
avoid loose texture and axial shrinkage cavities in the body of 
massive casting, the chamber of the mold must be of big-end-up 
design and enough larger in top eross-section than in _ bottom 
eross-section so as to cause the metal to solidify progressively up 


ward 


62. There are still many foundries which are loath to adopt 
the tapered or padded design because, in their opinion, it adds 
unduly to the cost of production. The Yard’s experience negates 
this argument. The cost of patterns for padding, the cost of the 
steel in the padding and the labor involved in its removal, plus 
the increased cost of heat treatment due to longer soakouts at the 
annealing temperature, add up to a very small sum indeed when 
compared with that normally expended upon their repair (pre- 
liminary exploring, buttoming out, welding, re-x-raying, stress re- 
lieving, pressure testing) of defects inherent to the unpadded de- 
sign, or the replacement of the entire easting with a second, or 
possibly a third, new one. The consequent loss of time and delay 
in production is also costly. 

63. The only disadvantage attached to the padded design, is 
the diminution in strength and ductility suffered by the casting 
This is the penalty exacted by increased mass. Inasmuch as the 
application of padding herein was restricted to one side only (the 
other side always retaining the cast skin), the deleterious effect 
due to mass was slight. The outside metal on heavy castings is 
generally of excellent quality to a depth of 1-in., possessing physi- 
eal properties often comparable to those of individually cast 


coupons (See Fig. 10 and Table 5). 


64. The fact should not be overlooked that the steel castings 
industry is producing castings of highly complicated design that 
have remarkably uniform properties throughout sections of un- 
equal mass. Such uniformity in properties is achieved by skillful 
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iting and moiding practices, by good melting technique, and by 


subsequently heat-treating the castings in a way to minimize as 


much as possible, the influence of change in section, 

65. It is added that all weldine of minor defects and strue 
ral attachments is done after annealing. Annealing also precedes 
all chipping and rough machining operations. Castings have been 


rreparably damaged by having been welded and by having been 


in the green state 





Fic, 19—Top—INTERMEDIATE Strut, As-casT, SHOWING PappING as APPLIED TO 
Cy_inpers. Borrom—Sameg, FINISH-MACHINED. 
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Fic. 20—SHOWING PapDING IN BorE or HorizontTatiy-Cast 5SrTet 


66. The strut in Fig. 19 is an example of padding as applied 
to a horizontally made cylinder. The barrel is 66 in. long with 
outside and inside diameters of 25 in. and 18 in. respectively. T< 
obtain directional solidification, the walls are eccentrically tapered 
from a minimum thickness of 3 in. in the drag to a maximum of 
4 in. in the cope (Fig. 20). Further steepening of the temperatur: 
gradient is secured by top-pouring of risers and by their massive- 
ness as well. Collapsibility in the core is obtained by topping it off 
with green sand. 

67. An alternative method, which is being contemplated for 
making intermediate struts, is that employed on the main two arm 
struts. Vertical molding is productive of a greatly reduced cope 
area and therefore of a greatly reduced number of cope defects. 

68. The weights of the various components on a single-arm 
strut molded horizontally are presented in Table 8. In the data, 
the approximate cost of removing the padded metal from both the 
main and intermediate struts also is given. A close serutiny of the 
cost data will disclose that the cost of padding is significantly lower 
than that indicated by the totals. The figures include, in addition 
to the cost of the actual padding itself, the removal of unpadded 
metal, 7.e., that metal commonly designated as machining allow- 
ance. The figures unfortunately include the cost of counter-boring 
an expensive and time-consuming operation requiring approxi- 
mately 56 hr. 

69. Turbine Casings. Casing design varies with nearly ever) 
turbine installation. Some new engineering findings or ideas ar 
incorporated into each successive design. These, in turn, neces 
sitate fitting changes in casing design. The designer’s idea of what 
constitutes a fitting and proper design may or may not be in con- 
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Table 8 


DATA ON SINGLE-ARM, HorIZONTALLY-MOLDED, STRU1 


General Founding 


Steel: Bw Gating: 

Backing Sand: No. 4a (Table 1) Size—3 in. 
Facing Sand: No. ld (Table 1) Type—Bottom 
Core Mix: Bottom Half: 2i (Table 1) Size of Risers: 
Upper Half: 2a (Table 1) 3—18 x 8x 13 in. 


1—6 in. rd. x 13 in. 


Weight Distribution 


Weight, Per Cent Weight, Per Cent 
lb. of Total lb. of Total 
Weight Weight 
Casting with Gate Weight of Gate 
| ind Risers Attached 5,988 100 end Risers... 6. ses 1,750 29 
Finish Machined.... 2,756 46 Metal Removed 
ae 1,482 25 
Cost of Padding 
[tem Immediate Strut Main Strut 
(Fig. 18) (Fig. 14) 
Meta ee ee eee 1482 x .01—14.82 4260 x .01 = 42.60 
Heat Treatment.... 1482 x .01—14.82 4260 x .01 42.60 
i ee 570 x .004 2.28 
Ls 130 x .10 = 13.00 
Rough Machining... 1482 x .03—44.46 3560 x .03 —106.80 
TOM vctaktayeuss $74.10 $207.28 


formity with those basie foundry principles which govern the shape 
of eastable structures. It eventually befalls the foundryman either 
to reeommend a more castable design or to circumvent as best he 
in the disadvantage inherent in the design with sheer foundry 


te ‘hnique. 


70. Limitations of space prohibit extensive treatment of the 
manner in which troublesome points in casing design are solved. 
Briefly, in altering a design for founding, the fundamental con- 
siderations of efficient feeding and minimum internal stress, govern 


every single modification. 


71. Efficiency of feeding is generally effected by padding 
every component in the cross section of the casting. Side walls, 


vertical spokes, bolt bosses, isolated pads, flanges within wall sec- 


+ 


ions, and all similar regions of extra mass are thus treated. Oc- 
asionally there appears a design wherein a light section is located 
between two heavy thicknesses of metal. Thin sections of this kind 


which interfere with the proper feeding of other more massive sec- 


| 
| 
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tions below them, together with tie bars and long connecting mem- 
bers, are best left out to be subsequently welded in with the metallic 
are. Flanges likewise are made separately and then attached to the 
easting by welding. 


) 


(Zz Sections which are beyond the reach of the main System 
of feed-heads—particularly those located on the bottom of the cast- 
ing and attached on all sides te members of much smaller thickness 

are best supplied with feed metal from ‘‘blind’’ or closed risers 
surmounted with whistler risers for the escape of air. Thick, flat 
areas of metal—entirely surrounded by sections of equal thickness 
but of lesser mass—are lightened to the weight of adjoining sec- 
tions with a hole in their center. The practical handling of many 
of the foregoing points in design is illustrated in Figs. 21 to 28 


inclusive 


9 


73. The amount of padding applied to turbine casings varies 


from iz to 14 in. per in., depending upon its relative position 
within the casting, its remoteness from the feed-head, and the 
height and angularity of section. Thorough x-raying of the casings 
an average of 65 films per half casing) has shown that occasionally 
surprisingly thick pads are needed to eliminate all traces of center- 
line weakness. Padded metal is generally placed in those locations 
from which it can be most easily removed and on one side only, «e., 
either on the outside or on the inside, never on both (opposite) 
sides simultaneously. Inside padding is preferred to outside pad- 
ding because it can be taken off more expeditiously. Manual chip- 
ping is employed for the removal of the latter; and mechanical 
boring, for the former. Occasionally outside padding lends itself 


to removal by machining 


74. As previously stated, the second fundamental consider- 
ation kept in mind when making changes in design is that of in- 
ternal stresses. Internal stresses are fundamentally thermic in 
character and origin. Points on a casting between which danger- 
ously high temperature differences might spring up are conse- 
quently vigilantly guarded against. Every design is carefully gone 
over for potential hot spots. The manner of their formation and 


elimination has already been related. 


75. Hindered contraction stresses, too, are guarded against. 
Unlike the above, they have a mechanical genesis and act externally 


upon the casting. They are kept low in turbine molding by using 
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Fig. 22—Tor—lI. VP. Turpine Castine, Ovursipe View, Risers aNp Gates Burnt Orr, 

SHowinc Some Externat Curtis anno Heavy Ovtsipe Pappinc ENDING aT THE WHITE 

CHatk Line Runnine on Epce or Bout FLAaNnat Borrom—SamMe CasinG, INsipe VIEW, 
with Risers ano Gates Burnt Orr, SHowtnc Heavity Pappep Bore. 
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sand molds and collapsible cores. Turbine molds are faced 
a laver of green sand 2-in. thick. The facing is hand-rammed ; 
king up material is rammed with an air hammer. Six part 
» gates introduce the metal into the mold. Erosion of mold and 
s prevented by nailing the facing with 4%-in. diameter head 
at an average density of 1 nail per every 2 sq. in. mold sur- 
At the mouth of the gates, both core and mold are nailed with 

is per Sq It) 
76. Collapsibility in the core is obtained by making it with 
‘latively thin exterior shell (approximately 4 in. thick), with 
ow center, and a east iron arbor so constructed that it can be 
broken when desired. (Fig. 23.) The four cross bars con 
the main branches in the arbor are broken approximately 
20 min. after pouring. Summing up, it is stated that the principal 
why turbine casings and other complicated castings have 
‘racked by hot tearing is the fact that they have been made in 


rreen sand 


77. By actual measurement, temperature gradients of ap 
ximately 1200-1300°F. have been detected in some of the subject 
‘asings. A study of the photographs in Figs. 21 to 28 will disclose 
hat all the practices for the control of the direction of freezing 
which have so far been described were used on the casing, namely : 
slow introduction of metal (obtained by dividing the entering metal 
imong 6 gates) ; parting gates; massive, trough-like feeding heads; 


heat insulating of risers; padding; and chilling. 


78. Table 9 gives quantitative information on various phases 


of founding the pictured easing. 
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Fic. 24——-SecTION THROUGH STEAM BLEEDER BeLtr. Cross-HarcHING Is PappDING. 


79. Using the above materials and practice, the cost per lb. of 
the finished casting was 87 cents. This figure covers costs of pat- 


tern, castings, rough machining, testing, and radiographing. 
Throttle-Valve Body—Illustrating Control by Sectioning 


80. The phenomenal strides which welding technology has 
been making for the past several years have won for it a permanent 
place in nearly all the metal working industries. Conservative de- 
signers and engineers are acknowledging it to be an invaluable 
tool, not only for minor repairs of surface defects but for the con- 
struction of metal assemblies. There is now scarcely a single steel 


foundry without a weldery. 


81. Not infrequently, the foundryman is asked to cast a 
structure whose design defies every attempt to control the direc- 
tion of its solidification. Throttle-valve bodies are an outstanding 
example of such a design. Since the chemistry of the castings 
mentioned herein is one which lends itself quite readily to welding, 
the most economical method, and sometimes the only method, 
whereby a sound condition of structure can be obtained in these 
complicated designs, is to dissect them into several more simple and 


elementary sections, cast each individually, and then unite them 





with welding. This is precisely what was done to the throttle-valve 
shown in Fig. 29. 


82. It is seen that all the steam inlets were cast separately. 
The front and back plates, seats, brackets, and nipples were cut 
from C-Mo plating. Regarding the body proper, it was made solid 
by means of 4 parting gates, 130 lb. of outside padding (Fig. 30), 
and 8 bulky risers (6x10x1l-in.) covered with head liquidizer 
compound. Hot tearing was avoided by making the body and its 
component parts in green sand molds and using cores made from 
oil sand topped off with green steel facing sand. Fig. 29-Top and 


Center shows the extent of heading and padding respectively. 
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Fic, 26—I. P. Tuxsine Casinc, Oursipe View, SHOWING WE.pED ATTACHMENTS, NIPPLEs, 
Braces, FLANGES, PLatEs. 


83. Welding was performed in the flat position using 7, 
and 14-in. diameter electrodes and 300-500°F. of oxyacetylene 
preheat. Joints were veed to a 45° bevel with a root spacing of 
4-in. and were backed up with a machined backing ring. Deposi- 
tion was effected layerwise, using a weaving technique. The 
branches were welded in position one at a time. <All welded joints 
were then x-rayed for soundness and the entire weldment stress 
relieved at 1250°F. 





1G, 27—Partrrerw ror H. P. Tursine Casinc, Urrer Hair, SHowtnGc OTHER INTERESTING 
Points 1x Destexn, Arrows Point to Pannine 
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Fig, 28—I. P. Tursine Castnc, Lower Hair, SHow1nc Enp LiGHTentnG Howes Cut m 
Sotip CasTInG AND Various WELD ATTACHMENTS. 


84. The molding materials and the amount of metal used in 


the various components of this structure are shown in Table 10. 


85. Latest practice has succeeded in making sound throttle 
valve bodies with some of the branches integrally attached to the 
body. The throttle valve of Fig. 31 was made in such a manner. It 
is apparent that only half of the branches, 7. e., either all the upper 
or all the lower flanged sections, are integrally castable. The 
flanged sections were made in the cope. The T-shaped bosses, 
which are evident in the picture were made to provide a seat for 
subsequent weld attachments. Integral castings cost approximately 
$125.00 to $150.00 less, and can be made in approximately 2 weeks 


less time than those put together by welding. 


86. Other important castings, which are being cast in sec- 
tions and welded together into composite structures, are certain 
types of turbine casings and possibly lower turret track ring sec- 
tions. Thermit welding is being contemplated as a method for 
joining the latter. 


Turret Track Ring Sections 


87. Turret track ring sections have been made solid by apply- 
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Fic. 29—Torp—C-Mo Turorr_e Vatve Bopy, As-cast, SHOwING PartTiNG, MucitirLe Gates 
AND Risers. CreNTER—SAME CasTING witrH Risers aNp Gates Burnt Orr. Bottom SIDE 
Factnc Front. Nore Pappinc StTarTinG FroM ZERO ON Bottom aND RUNNING %-IN 
i P Deep at Mippie (Partinc Line). Pappinc on Oppostre Sipes Runs SiicutTity OVER AN 
t Inch Deer. Botrom—C-Mo TuHrott.te Vaive Bony SHowinc WeLprp ASSEMBLY 
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0—SecTion THRouGH Mippit or THrorre vatye Bopy ar Rigur ANGLES To THE 
fo.es. Cross-HATCHING Is PADDING. 


ng directional solidification principles to them in the manner illus- 
trated in Figs. 32 and 33. Careful study of the casting will identify 
the following points of practice as being instrumental in obtaining 
the desired temperature gradient: 

1. Positioning the lighter portion (the face) of the track 
in the bottom of the mold and the more massive parts 
directly over it. 

2. Chilling the bottom corner sections with chill nails 
(3 per sq. in. and extending into the mold cavity 
2 in.). 

3. Denser nailing of the bottom surfaces of both core and 
mold. 

4. Light padding on one of the upper vertical members. 

5. The employment of massive risers and the top-pouring 
of same. 

6. Step gating—though not used on the section pictured 
in the photograph—is being contemplated for use on 


subsequent castings. 





Fic. 31—Turorrie Vatve Castnc SHowtnc CasTING WITH INTEGRALLY ATTACHED BraNcHEs, 
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Fic, 32—Sectrion or Turrer Track, As-casT, WITH RIsERs aND GaTEs ATTACHED. 
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Riser 





“gates 


Fic. 38—Front View or Track SECTION. 
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Fic. 834—Sectrion Cur From Face or Track. Nore Deptru or CHILL AND Souipiry or METAL. 
STRUCTURE IN THE PHoTOMICROGRAPH Is aT 100x. 

88. Fig. 34 shows the tight texture and compactness of metal 
obtainable with the above practice. Fig. 35 shows a micrograph of 
metal in the section. Both the mold and all cores were made of 
sandblast sand No. 5¢ mix (Table 1). 


Controlling the Direction of Freezing with Preheating of the Cope 

89. Because of certain practical difficulties, the use of pre- 
heating on the cope to retard the chilling of feed-heads, and thus 
increase feeding efficiency, has not been tried on any large casting. 
[t is mentioned in this discussion as a possible method, for it is not 
entirely impracticable, providing the proper facilities are available. 





Fic. 35—MicroGRaPH OF SPECIMEN FROM Track Ring CastTiIna, 
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90. In eonelusion, it is stated that much has been don: 
obtain sound eastings. There remain, however, many refinements 
to be made. Quantitative information is needed regarding thy 
amount of padding and the size of external and internal chills 1 


be used. 





Appendix | 
An examination of the data contained in Table 1 discloses th 
following facts: 


Green Sand 
(a) Air drying increases the permeability as well as 
compression and shear strength of green molding sands 
(b) Air drying for periods in excess of 60 hr. affects dis- 
advantageously their physical properties. Skin drying with a gas 
torch, however, nullifies the deteriorating effects of setting or dry- 
ing time. Specimens air dried for 120 hr. and then torch dried, have 
physical values equal to those dried for 1 hr. at 225°F. 
¢c) Spraying the molds with molasses water for the pres 
ervation of the surface does not deleteriously affect the molds 
Permeability, or the ability of a mold to vent its gases, is lowered 
by approximately 6 to 8 per cent. 
Dry Sand 
(a) Drying at 500°F. is productive of the highest physical 
properties in the sand. 
(b) At least an 8-hr. sojourn at the drying temperature 
is required for good results. 
Washing the molds with silica wash exerts a p 
nounced choking effect upon their permeability. Breathing effi 


ciency is lowered by approximately 60 per cent 


(d Dry molds deteriorate rapidly if allowed to se 


long (24 hr. and over). Their compressive and shear strengths are 
’ ~ 
' reduced 50 per cent or more. 

Cores 

a) A temperature of approximately 450°F. appears 
be best for baking cores. 

b) Spraying cores with linseed oil tends to increase 
their physical properties without adversely affecting their perm 
ability. 

3 
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¢) Washing cores with silica wash destroys their perme- 


d) Prolonged exposure to air, of sandblast sand cores, 
fter baking, does not damage physical properties. Exposure of 
No. 60 oil sand cores, however, is accompanied by slight impairment 


hysical properties. 


Summary 


The most outstanding findings discovered by the above tests 


a) Dry steel facing sands deteriorate rapidly with set- 
ting or prolonged exposure to air. This is the principal reason for 
the failure and burning down of the cope in anchor shank and 
unchor crown molds. Dry sand molds should be poured within 12 
to 24 hr. after drying. 

b) Green sand molds do not deteriorate with time pro- 
viding their surface is stabilized by torch drying before closing-up. 

¢c) Silica mold and core washes are to ‘be used lightly 
und as sparingly as possible. They choke up cores and molds and 
thus obstruct the expulsion of whatever gases are generated within 
tnem. 

d) Spraying green sand molds with molasses water, 

d cores with linseed oil, does not harm either the physical prop- 
ties or permeability. 
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DISCUSSION 
Presiding: F. A. MELMOTH, Detroit Steel Castings Co., Detroit, Mich. 


C. W. Briccs! (Written Discussion): I compliment the authors on 
their fine paper and for explaining the methods of manufacture of large 
Navy steel castings. It is certainly interesting to note the manner in 
which fundamental information on the solidification of steel castings 
has been used. 


There are many commendable practices illustrated in the paper. 
One of the most interesting is the use of models of the proposed casting 
to study the casting design and the planning of gating, heading and 
the application of padding. The use of cast-weld construction is also 
commendable in producing directional solidification and prevention of 
hot tearing. 


The only main point to which exception can be taken is the state- 
ment in paragraph 2 of the paper which claims that “Perfectly sound 
castings are rare.’ I believe that the authors’ work with large compli- 
cated miscellaneous castings has led them to forget the numerous pro- 
duction castings of carefully planned design being manufactured by the 
industry, such as certain railroad and automobile castings which are 
readily produced sound in all sections. Many of these castings are 
designed to fulfill the conditions of controlled directional solidification. 


Of course, the oxidizing slag shown in Table 2 is not entirely of 
the best practice. The CaO content is entirely too low and the SiO, too 
high for a good dephosphorizing slag. Of course, this may not be 
necessary in this particular case since, judging from the phosphorus 
analysis at melt-down, it was not necessary that phosphorus be elimi- 
nated. The high MgO content, however, shows that an undue errosion 
of the furnace bottom has taken place. A CaO content of approximately 
40 per cent and SiO, of about 13 per cent would produce a better 
oxidizing basic slag. 


These items, however, do not detract from the excellence of the 
paper and the description of the application of controlled directional 
solidification to large steel castings. 


T. D. West? (Written Discussion): The authors are to be compli- 
mented on this extremely intelligent paper on directional solidification. 


1 Technical Adviser, Steel Founders’ Society of America, Cleveland, O. 
2 Foundry Superintendent, Symington Gould Co., Rochester, N. Y. 
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This paper is of the type that the Navy has been releasing in the last 
imber of years for all foundrymen concerned to digest. 


Too much attention can not be paid to the fine thought of the use 
a model before going ahead with a similar job as described in this 
There is only one draw back and that depends on the size of 
casting to be made. That is, if the cost of manufacturing of the 
del and casting can be accepted in the price of the job. The writer 
has yet to see anyone who can read a blueprint and tell where all the 
hot spots, so to speak, are located and be able to correct these by proper 
pplication of directional solidification. The model certainly lends aid 
this factor and should be considered when one is considering such 
bs as are shown in the series of photographs in this paper. 


In Table 1, mix No. 1-G is room air dried for 120 hours. This mix 
ontains approximately 9 per cent bentonite and 3.5 per cent water. 
The writer would question the spalling effect of such a long drying time. 
Are the molds dried open or closed? We in our plant noticed consider- 
able amount of spalling effect or erosion when any mold is allowed to 
remain open any length of time at the above mentioned moisture content. 
We tend to close all our green sand molds as soon as is convenient to 
do so. Would not also such a long air dry period tend to set up more 
hindered contraction which we of today are trying to reduce to a 
minimum? 


The authors speak of the scabbing effect of slow pouring in para- 
graph 34. Exact causes of scabbing of moids are not definite because 
of the variance of the following list pertaining to it. Scabs may be 
caused by unevenness of ramming, permeability, moisture, or contraction 
or expansion of the sands by heat from the molten metal. Due to the 
fact that so many variables are present in scabbing, it is hard to apply 
the cause to one thing alone. 


The writer is pleased to note that internal chills are used on the 
stockless anchors, one of the many castings acceptable to the Navy. 
The foundryman, as a rule, uses internal chills on all regular class of 
commercial castings of today. However, where specifications are changed 
regarding the use of such, the product can be nearly always made by 
adhering to those principles. The price will vary however, with the 
amount of inspection necessary. No job is too difficult if the foundry- 
man can correct or suggest a change in design to get the most from 
directional solidification. 


The authors in describing their multiple gating, state that the 
metal runs down the banks of the mold in quiet, and smoothly descend- 


ing streams. Anyone who has ever stood on top of a mold and watched 
metal flow into a mold from a multiple gate will see the metal from 
the gates, except the one gate at the bottom, surge in and drop to the 
bottom of the mold. The writer has tried all sorts of devices such as 
varying the diameters of gates and the steps and also making the step 
gate going into castings at an angle to secure smoother functioning 
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of the step gate. Have the authors anything to add to the method of 


step gating large castings? 

Attention should be called to difference of heads as shown in Fig 
21 and Fig. 14. The heads on the latter certainly must have to be 
100 per cent efficient. The saying goes that the heads by weight only 
have to feed about 3 to 5 per cent shrinkage on a casting and anything 
over that is superfluous. 


The authors cover their risers with anti-piping material to retard 
their cooling. This then lets the atmospheric pressure work on the head 
or riser pushing liquid metal down into the mold with the aid of gravity 
The writer has found by using more of these prepared riser dusts 
smaller heads giving bigger yields can be used in the steel foundry 
This allows a very cheap element, atmospheric pressure, to do an effi 
cient job of feeding castings. In Fig. 21, the casting shows the use of 
blind risers. The writer has found, by placing a flat core over the entire 
top of the head coated by a heavy wash of thermit, the feeding of this 
riser becomes very efficient. This then tends to act as an open riser 
with riser dust on it and also takes advantage of atmospheric pressure 
This thermit must be so placed as not to be touched off until the head 
is filled. 


The authors state that the cost of the finished casting was 87 cents 
per pound. This certainly is not a complete cost. Did this include over 
head, depreciation and taxes? 

The writer would also like to question the statement of the author 
about spraying the molds with molasses water. We have experienced 
quite a dampness pick-up on all molds sprayed with molasses water, 
dried and closed for a time of 8 to 10 hours before pouring. We have 
discontinued the practice and are using a silica-flour wash even though 
some permeability is sacrificed as this seems to draw the minimun 
amount of dampness. 


J. H. HALL:® For the past year or two, I have been familiar wit! 
the practice of making a great many of these castings Mr. Brinson 
describes. I noticed there was a difference in the height of the heads 
between some of these pictures. For instance, in Fig. 19, the heads are 
filled up good and full, but in Fig. 14 where a strut is shown, the ratio 
of the height of the head to that of the castings is much less than in the 
other illustrations and much less than what I am familiar with in struts 
made in other foundries. 


The history of controlled directional solidification in this industry 
goes back farther than most of us here appreciate. About 1907 Henry M. 
Howe and Bradley Stoughton worked out proper methods of pouring 
sound ingots and published an important article* before the American 


8 Consulting Engineer, Philadelphia, Pa. 

* Howe, H. M., and Stoughton, Bradley, “Influence of Conditions of Casting 
Piping and Segregation, as Shown by Means of Wax Ingots,” Transactions, A.1.M.E 
Vol. XXXVIII, p. 109. See also, Howe, H. M., “Piping and Segregation in Steel 
Ingots,” Transactions A.I.M.E. Vol. XXXVII, p. 72. 
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Institute of Mining & Metallurgical Engineers on the subject. To the 
st of my recollection, almost every principle which is now advocated 
nder the name of controlled directional solidification was explained in 

that article. 

H. H. BLosso*: There is one thing I would like to take exception 
and that is in the summary under item (c) relative to silica washes 
troying the permeability. That may be true in a sense that it does 

destroy the surface permeability. In our shop we want to do this. This 
ermeability to us is not desirable. It does not destroy the permeability 

f the core as a whole, and the gases formed within the core expel them- 

selves from the mold through the permeability of the core and such 
ents as are added to the core. Surely it is not desirable for this gas 

penetrate the surface of the core into the metal. Nor is it at all 
lesirable for air or gases in the mold to find their way out of the mold 
through the core. This can be taken care of by venting the mold. 


Mr. BRINSON: Several questions have been raised here. The first 
was raised by Mr. Briggs, that it is hard to get an absolutely solid or 
perfect casting. In view of our radiography, and we have been radio- 
graphing castings in the foundry for ten years, and from that inspection 
and other inspections for the Navy standard of work, a perfect casting 
means just that, “a perfect casting.” Sometimes we chip out spots in a 
casting about as big as the head of a pin and weld them. Another thing 
you will realize is, producing a casting that you can put into production, 
and producing the type of casting that your produce in the jobbing shop, 
where every casting is different, is an entirely different proposition. 


We have found in connection with models, as discussed by Mr. West, 
that on a job of this kind, the models pay for themselves before the 
patterns leave the pattern shop. In other words, on a big job, where 
you have a big pattern and a number of core boxes worked on simul- 
taneously by several men, in such a case the model will pay for itself 
in the pattern shop in making up the patterns and the core boxes. It 
further pays for itself in setting the cores and the chipping necessary 
in the foundry. 


Another question was raised about scabbing due to slow pouring. 
The seabbing that we have reference to is the burning down. Especially 
na heavy mold with a very heavy section, which has a flat cope, if it 
is poured too slowly, the heat from the steel will burn down the cope 
unless it is fairly well reinforced. With a heavy section casting, it is 
better to pour a little faster to keep the cope from burning down. In 
the case of these turbine cases where you can see the metal poured into 
the molds, I have noticed a dozen of them poured and I have as yet, 
with this multiple gating system, to see any one poured where the metal 
went in with enough force to hit the core. In the case of the struts with 
stepped gates, we start with a certain size section gate at the bottom, 
use a little larger one in the middle, and a still larger one up at the 
top, often angling them up. I have watched those castings poured and 


‘ Metallurgist, Minneapolis Electric Steel Castings, Minneapolis, Minn. 
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watched the metal come into the bottom gate until the metal got pretty 
well up to the middle gate. Then it came into the middle gate until it 
got to the top, and then started at the top gate. 


In connection with the risers on the strut castings, I think it is 
shown as 20-in. high. There is a: very heavy continuous riser around 
the periphery of the barrel and we find the feeding goes down pretty 
far but does not go down into the casting. If we had found it had, 
we would have put a higher riser on there, but we got by with this 
riser satisfactorily. 


As to the question raised about the use of internal chills, as I stated, 
on the turbine casing, there were some internal chills on the bottom of 
the flange. On the low pressure castings, the Navy went from the cast 
steel casings to the built-up welded casings and back to the cast steel 
casings. On these, no internal or external chills whatever were used. 
So there are no internal chills or chaplets used on any of the later 
turbine castings. We go to a great deal of trouble to keep from using 
chaplets, especially on high pressure work. 


Regarding the question raised about washing the core, probably the 
wrong word was used there, but I believe we will all agree that washing 
cores and molds with silica wash does impair permeability rather than 
destroy. The purpose of the wash is to give a smoother finish on the 
casting and that will close the permeability somewhat. However, you 
can make a core so tight that the metal will not lay to it. Most of the 
cores we make for valves are hollow cores. Still we do not like to have 
the surface too close. We like to have it close enough to get a smooth 
casting but not too close. If it is to be machined, it does not make 
any difference if it is a little rough. It is better to have it rough and 
solid rather than have it too close and have blow holes. 


In connection with the cores, we got into the turbine casing business 
because of the insistence of the Navy on such rigid specifications that 
the commercial field became a little frightened. A number of years ago, 
the Navy put out turbine castings on bids. The prices they got on those 
turbine castings ranged from $3.75 to $4.25 a pound for rough machined 
castings. They wired us to submit an estimate. We submitted an esti- 
mate which closely approached $2.00 a pound for a rough machined 
casting, and we figured that we would have to make five castings to get 
a good one. Then we started to apply this padding and the controlled 
directional solidification of the casting, or the wedging of the casting. 
What we tried te do was to make the design approach a wedge as far 
as possible, small at the bottom and big at the top, cold at the bottom 
and hot at the top. When we got through, I wish to state that, so far 
as the foundry was concerned, the cost of the castings was just about 
30 per cent of what we estimated, and we turned a considerable sum 
back to the Navy Department. Since that time, we have gradually 
brought the price of the castings down until we got an order for some 
low pressure castings, in which the cost of the castings, shipping and 
the casting put in the machine shop, got down to between 12 and 15 
cents per pound, which is reasonable for turbine casings. 
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The Heat Treatment of Malleable Iron 


By R. J. Cowan*, ToLepo, Onto 


Abstract 

The heat treatments of pearlitic malleable irons has 
been of great interest. As one of the author’s contribution 
to the literature on this subject, in this paper, he outlines 
the results obtained by subjecting pearlitic malleable iron 
used for commercial camshafts to an. austempering treat- 
ment and shows the results micrographically. He points 
out that by carefully regulating the temperature of the 
quenching bath and the time of immersion, it is possible 
to control the hardness desired. Pearlitic malleable irons 


characteristics, 


1. Malleable iron is a material which owes its malleability 
to an extended period of heat treatment. When first cast, it con- 
tains approximately 2.5 per cent carbon, entirely in the combined 
form so that the metal is extremely hard and brittle. During heat 
treatment, this combined carbon is reduced by a process of graphi- 
tization until, in the fully-annealed casting, but very little if any 
combined carbon remains. The earbon in fully-annealed castings 
exists as free carbon or graphite of distinctive form. Industry is 
becoming increasingly aware of the fact, that the heat treatment 
of a high carbon material of this kind, can be modified to produce 
a great variety of materials which will have, in their various modi- 
fications, a wide range of physical properties. The vast extent of 
this field may be indicated when it is recalled that the common 
steels are classified on the basis of their carbon contents and owe 
their many uses to the specific properties that may be developed 
by heat treatment. 


2. There are today a rapidly increasing number of uses for 


these materials. Certain kinds have been extensively developed for 


* Surface Combustion Corp. 
Notre: This paper was presented at a Malleable Session of the 44th A.F.A. Con- 
vention, May 7, 1940, Chicago, II. 
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particular purposes, and these are finding wide acceptance among 
various users. Other materials are being developed and, without 
doubt, will find a place in suitable applications. It is the purpose 
of this paper to call attention to some of the things that have been 
done and to suggest other fields of development that appeal 


promising 
Tire Fretp or PEAR LITIC MALLEABLE ]RONS 


3. It is customary in the manufacture of certain types of 
pearlitic malleables to modify the usual annealing treatment to 
produce the type of material desired. This consists, as a rule, of 
changing the treatment during the second stage annealing opera- 
tion. It is assumed that all are familiar with the usual type anneal- 
ing cyele which embraces a first stage treatment at high tempera- 
ture and a second stage cooling to complete the cycle. The pearlitic 
material is removed from the furnace after the completion of first 
stage annealing, and after cooling is then subjected to a special 
treatment at or below the critical temperature range for a period 
of time sufficient to obtain the special properties desired in the 
metal. As a rule, it is possible, by means of a microscopic examina- 
tion of the metallographic structures obtained, to identify those, 
that experience has shown, will produce the desired physical charac- 
teristics. Certain of these structures will be presented and dis 


cussed in this paper. 


4. Fig. 1—Top shows the microstructure of a camshaft, taken 
from commercial production, which has a structure that is said to 
be suitable for this work. This reveals a background of carbide 
structure with temper carbon nodules dispersed throughout 
Around each of these nodules, there appears a white area in which 
the carbon is lower than in the body of the metal. It has been found 
to be desirable to limit this white area to very small regions and 


ly. Experience has shown that a 


perferably to eliminate it entire 
pronounced white area around these nodules affects the machine 
ability of the metal and makes it more difficult to eut. This would 


be especially true in the case of a metal having the structure shown 


> ween een 


in Fig. 1—Bottom. Here the carbon nodule is surrounded by a 
considerable area of metal that is practically carbon-free. This 
affects machineability adversely 


5. A close examination of the metal, shown in Fig. 1—Top 


reveals that the carbide constituent in this case is very largely 
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Fic, 2—SaME as Fic. 1 BuT aT x500. 


spheroidized. Fig. 2 shows this more clearly, since it is the same 
metal taken at high magnification. This shows that the white areas, 
which surround the carbon nodules, are not in this case wholly 
devoid of carbon as they are in Fig. 1—Bottom, since it may be 
seen that they contain spheroids, although in lesser amount than 
the rest of the structure. There is an advantage that comes from 
having the carbide in the form of spheroids when the metal is to 
be subjected to heat treatment, because, in this form, it will dis- 
solve most readily when heated to temperatures suitable for hard- 
ening. This will be referred to later. 

6. When a metal of this type is hardened by quenching from 
a high temperature, the structure becomes quite different in appear- 
ance under the microscope. This is shown in Fig. 3—Top, which 
has been obtained by quenching from high temperature in water. 
The details of this structure are more clearly shown in Fig. 3— 
Bottom, which is the same piece under a still higher magnification. 

7. Attention is called to the fact that spheroids of carbide are 
still present in the hardened structure. These may be clearly dis- 
tinguished by a careful examination of the micrographs, especially 





R. J. COWAN 
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Fig. 3—Bottom. Experience in other fields has indicated that 
structure of this type has superior wearing qualities. The presence 
of these spheroids which, of themselves, are extremely hard, en 
bedded in a hardened steel structure, represents a type of structur 
which has been proved to provide the very best wear-resisting 
surfaces in many different kinds of operations. 

8. In certain applications where resistance to shock is a big 
factor, it has been found that the presence of spheroids of carbide 
in the case hardened structure is the type that will give the best 


service under these trying conditions. 


THE HARDENING OPERATIONS 

9. To develop a wear-resisting surface, it is necessary to heat 
the metal to a temperature where the carbon will be brought int 
solution in the iron in sufficient amounts to provide hardening 
when quenched in water or oil, the procedure in this respect being 
similar to that used in the hardening of steel. The abundance ot 
carbides in the pearlitic malleable structure are not all required 
to provide the necessary degree of hardness. Consequently, it is not 
necessary to hold this material at high temperature for a long time 
to insure the solution of sufficient carbides to provide the requisite 
hardness. The excess carbides, when present as spheroids, impart 
wear-resistance in the manner described. 


10. Recent studies of the hardening operation with high car- 
bon steels of various types have brought forth a method of pro- 
cedure that is considerably different from that of the usual opera- 
tion. Instead of quenching directly into cold water or oil, the meta! 
is quenched from the hardening temperature into a liquid bath 
that is maintained at a definite temperature. It has been found 
by this procedure that definite holding times are necessary to 
accomplish the full degree of hardening that is possible at eacl 
temperature. In this way, a definite hardness can be obtained b) 
maintaining the required temperature for a definite time. Furthe: 
more, the hardness is found to vary with the temperature of thie 
quenching bath, the high hardness values being obtained by a long 
hold at compartively low temperatures. This process is known as 
‘‘austempering,’’ when applied to steel, and has received a great 
deal of attention and publicity during the past year 


11. The results obtained are considerably different from those 


of the usual quench and draw method heretofore employed. By the 
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method of procedure, the steel was quenched in cold or 


m quenching media, which produced a drastic hardening which 


too great for most applications, so it was necessary to reheat 
| hold for some time at a low temperature to relieve this condi 
and obtain the desired degree of hardness. The results ob- 
ned by the austempering method show a type of hardness that 
ibines a certain degree of toughness without brittleness and. 
ordingly, seems to possess certain inherent elements of supe- 
ority. This method is being used in a number of industria! 
plications. 

12. Some bars of iron were subjected to a heat treatment of 
this kind to observe the results obtained. Bars of hard iron were 
given an annealing treatment sufficient to complete first stage 
annealing. They were then quenched from this temperature in a 
bath of molten lead which was held at various temperatures. Fig 
{—Top shows the results obtained by holding for one hour at 

temperature of 1000°F. The hardness was found to be 40 


Rockwell C. 


13. Attention is called particularly to the number of carbide 
spheroids in this structure. Fig. 4—Bottom shows this structure 
at high magnification. The portion of the micrograph that is out 
of foeus is a nodule of temper carbon. It is photographed in this 
way to show the complete absence of a white ferritic area at this 
point and also the fully hardened structure that covers the entire 


specimen. 


14. <A greater degree of hardness can be obtained by quench- 
ing in lead that is held at a lower temperature. In Fig. 5—Top is 
shown the results obtained when the metal is quenched at a temper- 
ature of 650°F. and held at this temperature for one hour. The 
details of this structure are shown more clearly at high magnilica- 
tion in Fig. 5—Bottom. The hardness was found to be Rockwell 
C 49. Close examination of this microstructure indicates that 
spheroids of carbide are still found to be present within the hard- 
ened structures. 


15. These results are sufficient to illustrate the possibilities 
of a heat treatment of this kind. Intermediate values may be 
obtained by holding at intermediate temperatures. There is no 
danger of holding too long a time at temperature since it has been 
found that the structure corresponding to that temperature is 
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reasonably constant after it has once been obtained. The 0} 
limitation is that of a minimum time which must in all eases } 


exceeded to obtain full transformation. 


SUMMARY 


16. Based on the results of the present investigation, it may 
be stated that: 

l. A method of heat treatment is proposed which 1 

be suitable for the processing of certain machine parts. 

2. Constant hardness values may be obtained that 
pend only on a definite temperature control of a quenching 
bath. 

3. An ideal type of structure is obtained in this manne: 
which will possess superior wearing characteristics. 

t. Proceeding in this manner, a hardened structure maj 
be confined to the surface areas of a heavy section while the 
remainder of the piece will receive a heat treatment that wil 


have a toughening effect. 





DISCUSSION 


Presiding: R. J. ANDERSON, Belle City Malleable Co., Racine, Wis. 


R. J. COWAN: In the hardening of a high carbon steel, it has been 
customary to quench from a high temperature, but when quenching from 
this hardening temperature as it is called, in oil or water, the brittleness 
is too great. There is hardness there but also brittleness. Therefore, tc 
obtain the desired ductility, the sample is given a drawing operation; 
that is, it is heated to a low temperature and held for a time to reduce 
the extreme brittleness and give some ductility to the hardened part 
That is the old, well-established practice of harden and draw. This aus- 
tempering process gets away from the draw idea and modifies the quench- 
ing practice, quenching from the same temperature, but instead of 
quenching in oil or water, quenching the specimen into a lead bath or a 
salt bath which is held at a definite temperature and holding it in that 
lead bath for a definite period of time. 


There is no danger, as I understand it, of holding too long. There is 
a danger of not holding long enough, so that when the specimen is 
quenched from this hardening temperature in the lead bath, a definite 
hardness will result. However, with heavier sections, there is a progres- 
sive effect from the outside in, that is, it will be very hard on the outside 
which decreases gradually toward the core where there will be a very 
tough structure. The advantage of that procedure is that it gives a struc- 
ture that is not only hard but very tough. 
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question in my mind, and which I tried to deal with in this 

_was whether or not this austempering idea might be utilized in 

hardening operations in these special heat treated malleables. I 

completed in my laboratory, although I was not able to get it in 

r this paper, some work where I treated a section of metal that 

l4-in. in diameter and quenched it in lead and obtained, by scratch 

hardness, a variable hardness from the extreme hardness at the surface 
very tough core. 


H. L. WALKER! (Written Discussion): Mr. Cowan has discussed the 
possibility of using a constant sub-critical temperature for quenching 
malleable iron products and has pointed out that the method has many 
possibilities for the improvement of certain properties, depending upon 
the application to which the iron is to be used. I believe that the 
malleable iron industry will find this method of heat treatment of ever 
creasing importance and that we may expect to hear a great deal 
nore about it in the future. Some of the possibilities of this type 
heat treatment have been investigated by C. S. Nielsen* in the 
metallurgical laboratories of the University of Illinois by an applica- 
tion of the isothermal transformation of austenite to the spheroidiza- 
yn of pearlitic malleable iron. 


The usual commercial cycle for spheroidization is approximately 
7 7 
OllOWS: 


1. Anneal white iron at a temperature of 1720°F. for about 24 
hours to convert it to a mixture of temper carbon and austenite. 


2. Air quench the iron through the critical range to establish a 
fine laminated pearlite. Upon reaching a temperature of about 
1100°F. the iron is reheated as in step 3. 


3. Reheat to 1280°F. and hold at the temperature for 36 hours 
to produce a spheroidized condition. 


Mr. Nielsen’s investigation revealed that, when step 2 as outlined 
above is replaced by an isothermal quench at 900°F. or below, the time 
required for the spheroidization anneal in step 3 can be lowered to 
5 hours with good properties resulting from the heat treatment. 


The investigation was conducted upon 1 and 1%-in. round bars 
f white cast iron prepared in an air furnace and partly malleableized 
by annealing at a temperature of 1720°F. for 24 hours to convert the 
white iron to temper carbon and austenite. Upon cooling, the austenite 
was in the vicinity of the eutectoid composition. 


_ ‘Professor, Department of Mining and Metallurgical Engineering, University of 
Illinois, Urbana, Il) 


* Metallurgist, George D. Roper Corporation, Rockford, Illinois. 
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[he analysis of the iron used was as follows: 
Per cent 
Total Carbo 2.19 
Silicon on ’ 1.10 
Manganese categ 0.94 
Sulphur 0.08 
Phosphorou 0.15 


The rate of austenite transformation was determined by quenct 
ing the iron from a temperature of 1600°F. through a series of lead 
baths at constant sub-critical temperatures. The rate of transforma 
tion for the particular iron used is presented in Fig. 6 where tempera 
ture of quenching is plotted against time on the logarithmic scalk 
Curve ABC in Fig. 6 represents the length of time required for the 
beginning of austenite transformation, and curve DEF represents the 
ength of time required for completion of austenite transformation, 
the temperature interval of 650 to 1250°F., 

The structures produced by quenching one-inch round bars fron 
1600°F. to various sub-critical temperatures and then annealing at 
1280°F. are presented in 


Figs. 7 to 11. All specimens were etched in 
nital and photographed at a magnification of 1000 X. Temper carbor 
areas are not shown in the photomicrographs as the main interest wa 


centered around spheroidization of cementite. 
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The properties developed in bars air-cooled from 1600°F. and 
spheroidized, compared to the properties of the bars quenched from 
1600 to 800°F. and spheroidized, are tabulated below. 


Bars air-cooled from 1600°F. and annealed for 36 hours at 1280°F 
(Average of 2 bars.) 





Elongation in 2 inches, per cent .......... 9.01 
Tensile Strength, lb. per sq. in. .......... 81,300 
PIOCEWEL FB PROTUNGES access ceeccsswen 84 
Bars quenched from 1600 to 800°F. and annealed for 15 hours 
at 1280°F. (Average of 2 bars.) 
Elongation in 2 inches, per cent .......... 8.01 
Tensile Strength, lb. per sq. in. .......... 90,400 
OCH WEL © FISTOROSS. 2. 6 oes iese eenase 90 
- 
: 
(A (B) 
Fig. 11—Structurrs Propucep By QuENCHING FROM 1600 To 800°F. X1000. A Not 
ANNEALED. B ANNEALED 5 Howns at 1280°F. 
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[o prove the worth of such heat treatments for commercial usage 
require a detailed study of the physical properties developed for 
eat number of possible combinations of heat treatment; and a 
is needed of the specimen size limitation to which the heat treat- 
may be applied. Such studies are being extended at the Univer- 
ind a detailed report of the work will be made in the future. 


C. F. JoSEPH:* In regard to this austempering, we have done some 
along that line but we have not been able to get any better physical 
perties than if we just quench in air and draw back. For instance, we 
taken some regular pearlitic malleable, quenched in air from 
1600°F. and drawn back at 700°F. and we would get about the same 
mate strength, elastic limit and elongation as though we quenched in 
ead bath at 1000°F. We have found that it is necessary to quench into 
ath at a higher temperature than the one at which one draws back if 
enching in air, but the physical properties. obtained do not seem to 
k with what is obtained in steel, where the austempering gives a 
igher material. I imagine that a higher elongation should be obtained. 
According to the work that Mr. Cowan has done, he thought he 
ild get higher elongation by the austempering, and I believe in steel 
do. The austempering gives a tougher material, especially in the 
ner steel parts. In fact, I have been told that if spring steel is 
ienched in lead it can be tied into a knot. In work that we have done 
pearlitic malleable, that has not shown up. That might be due to the 
fact that the sections are heavier than has been the case on steel. The 
1uthor mentioned doing some work on a 1%-in. cross sectional area. 
[There is a possibility that perhaps by the addition of some alloy, the 
austempering might show up better than it does on plain iron. In steel 
they have found by the addition of a certain alloy—whether it was chro- 
im or some other alloying element I do not recall,—but the addition of 
me alloy has brought out the improvement in the physical properties 
vhereby the elongation has been increased. 


Mr. Cowan: Mr. Joseph, how would you change the hardness by a 
drawing operation? 


C. F. JoSEPH: Usually by either increasing the time or temperature 


draw. 


Mr. CowAN: The matter of time and temperature are the important 
considerations and that is a reheating operation. Compare that with the 
austempering operation, which is a simple matter of maintaining the 
hardening bath at one temperature to obtain a definite result. Just how 
far that goes in making a pearlitic like an austempered steel remains to 
be seen. This is only an opening wedge suggesting there is an effect that 
uught to have a very important bearing. 


Another thing that interested me is that with that kind of structure, 


* Metallurgist. Saginaw Malleable Iron Div., General Motors Corp., Saginaw, Mich 
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we also obtained the spheroids in the hardened matrix, which seemed t 
me to be a very important item. 


The relative values of these two methods certainly are not answered 
in this paper but they are worthy of further study and consideration 
Austempering is a simple operation of holding at a definite quenching 
temperature to obtain a very definite result, and the result obtained jis 
dependent on the temperature at which it is held. 


H. BORNSTEIN: Mr. Cowan rather over-emphasizes the simplicity of 
this operation. It is a lot more difficult, on a commercial scale, to aus- 
temper than it is to quench and draw, because in the quench and draw 
operation the quenching can be done in an oil or a water bath, then take; 
out and put it in a draw furnace, which is an air draw. In austempering, 
quenching is done in a medium which should be held at a fairly high 
temperature and that means a salt bath. It is more difficult to work with 
a salt bath than it is with an oil quench or a water quench. 


Furthermore, you can quench a piece of steel or a casting in a very 
short time in a water, oil or air quench, It is a matter of seconds or 
minutes at the most. With austempering as we know it, it is a matter 
of a good deal longer time, an hour or two hours; perhaps, for heavy 
section castings, it may take days to complete the austempering opera- 
tion. So it involves much larger and much more expensive equipment 


MEMBER: The author said this material has superior wearing quali 
ties, yet the Rockwell figures quoted are not extremely high as compared 
with those the carburizing people quote. Does he have any figures as t 
how the 45 Rockwell C compares in wear resistance to, we will say, a 60 
Rockwell C secured by carburizing? 


Mr. COWAN: Unfortunately, I do not have the figures that will show 
that, but I am taking the experience of a friend of mine who has turned 
his entire plant operation into a procedure of that kind. These spheroids 
are suspended in a hardening matrix and these spheroids of themselves 
are extremely hard. That is cementite, and they are held in position in a 
hardened matrix and, while it does not show up extremely hard unde 
the usual hardness test, the hardness test is not everything in the way 
of determining wearability. In practical operations, these have been giv- 
ing superior results, these spheroids that are held in position, so to speak, 
in a hardened steel matrix. In addition it is shock resisting. It not only 
stands up under wear but it has surprising shock resisting properties. 


In reply to what Mr. Bornstein has pointed out, bear in mind that 
quench and draw involves an additional operation. It is quite true it does 
not take long to quench a sample in water or in oil, but after it is 
quenched it must be drawn which means it is reheated from the cold up 
to some temperature and held for a period of time, and that time is 
about as long as the austempering operation in many instances. 


We know from Bain’s curve, that when the lead bath is held at a 


Director of Laboratory, Deere & Co., Moline, Il 
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w temperature it will take a long time to get maximum hardness, This 
takes a period of hours, whereas if maximum hardness as measured by 
the Rockwell is not desired, a few minutes at a higher temperature will 
produce the effect. 


Cc. F. JoSEPH: I want to stress what the author mentioned about 
Rockwell hardness for pearlitic malleable versus steel. A number of’ 
irs ago when we first made cam shafts out of pearlitic iron, the various 
mpanies wanted a minimum Rockwell of 60, because that is what they 
thought they were getting on their steel cam shafts. We tried to get a 
minimum Rockwell of 60 and it was rather difficult. One can obtain a 
hardness of 59 to 62, but not every time. They started running tests with 
a Rockwell of 55 and they found that after a test of 25,000 to 50,000 
miles, there was not a sign of wear. They then ran a test_on cam shafts 
with a minimum Rockwell of 50 and over a period of miles there was no 
wear. They dropped the Rockwell to 45 and still there was no sign of 
wear. On the cams which were electrically hardened with the Tocco 
process there still was no sign of wear with a Rockwell of 45, and the 
last tests were run with a Rockwell as low as 42. Apparently pearlitic 
malleable at a much lower Rockwell hardness will not wear as readily 
steel. That is due principally, or probably entirely, to these spheroids. 


The same thing is true on rocker arm tests that have been con- 
ducted. The minimum hardness on a rocker arm made out of steel was 
isually 60 Rockwell and the same procedure had to be gone through on 
rocker arms, the 55 and then 50, and now the minimum requirement is 
a 50 Rockwell on rocker arms, and those also do not show any wear after 
years of running. 

So that apparently, again, this pearlitic malleable material which is 
45, 50, 55, or 60 Rockwell C does not show any wear compared to steel. 

H. BORNSTEIN: These spheroids may be of great importance, but 
there is another thing which I think is of even greater importance, and 
that is the presence of the temper carbon in this material as an aid to 
wear. Along that line, I want to relate an experience with a cast crank- 
shaft as against forged steel. In that case, we had a typical high strength 
gray iron structure in which we did not have these spheroids; yet the 
gray iron, at a lower hardness, gave better wear resistance than the 
forged steel at a higher hardness. I do not believe in that case it was a 
matter of spheroids at all. It was simply that in the cast material this 
graphite helped the wear resistance. 


Mr. Cowan: Mr. Bornstein, do you suppose that if you had more 
graphite nodules in there, you would have had still better results? Do 
you believe there is any relation between the number of nodules and the 
results obtained? 


H. BORNSTEIN: I do not think you can speculate very much about 
wear. It does not work that way. We have done quite a lot of work on 
wear, on different materials and sometimes the facts conflict with your 
theories which must be modified accordingly. We do know this, that hard- 
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ness is n neasure of wear. It may be true for a similar material, a 
similar composition, that as the hardness increases the wear resistance 
also increases. That is, a 0.90 per cent carbon steel of 600 Brinell might 


wear better than a steel with 200 Brinell or a 400 Brinell, but we have 
had steels with 0.90 per cent carbon and 200 Brinell that wore better 
than steels with 0.50 per cent carbon and 600 Brinell. In those cases, 
for abrasive wear, we found that the carbon content was of a great dea] 
more importance than the hardness, 


G. K. MINERT:* Could the author tell us something about the time 
of heating through the higher temperature for quenching. The reason | 
ask is that we have reheated spheroidized pearlitic materials and al- 
lowed them to cool in air and when we examined them under the micro- 
scope, there were very few spheroids left. The material was very finely 
divided, with some lamellar pearlite, but the structure more closely 
approached sorbite than spheroidized pearlite. 


Mr. COWAN: Undoubtedly that is affected by a great many different 
things. In the first place, it is affected by the condition of the spheroids 
in the raw material you are working with. Were the spheroids large or 
were they small? Were they well developed or were there a multitude 
of them? It seems to me that will affect the results. That certainly affects 
the result obtained in the time necessary in reheating because it is ob 
vious that with a myriad of spheroids a short heating period will be 
sufficient to put those into solution, whereas with just a few larger 
spheroids in a similar area, it is going to take longer. The condition of 
the material in the first place has a lot to do with the time required to 
put it into solution. With very finely divided, very finely dispersed 
spheroids, the time is very short. 


Mr. Joseph mentioned the Tecco hardening process, which is a matter 
of a few seconds-hardening. The same thing is found in flame hardening 
It is just a matter of a very short hold at temperature. Certainly you 
do not get the interior of the metal hot enough to harden on quenching. 
It is just a surface differential heating. The period might extend from a 
few seconds to a few minutes, depending on the carbon condition of the 


original material. 


MEMBER: In the early part of the paper, the author states that 
when the spheroids were closer to the temper carbon nodules, a more 
readily machinable material was produced than when the temper carbon 
nodule was surrounded by an area of more or less carbonless iron. The 
paper does not give much history on how those results were obtained. 


Mr. Cowan: I cannot give much of the history of that material 
because that material was taken from a shop. We took a sample of 
material that was exactly what we wanted for an ideal. Then we took 
a sample of material that could not be machined and was undesirable 
Now, just how those two were produced, certainly, is the same procedur 
that causes a bull’s-eye malleable, which is the wrong kind of treatment 
through the second stage annealing. 


Assistant Metallurgist, Gunite Foundries Corp., Rockford, Il. 
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G. K. MINERT: Mr. Cowan, in that connection it might be well to 
oint out that with sufficient graphitization retardant of some sort in the 
material, such as manganese, the spheroids will be close to the graphite. 
If they are absent, you will have a bull’s-eye structure. That comes back 
primarily to reaction rates. Can the spheroidized structure be produced 
ith the spheroids near the graphite, without having some retardant 


” 
present: 


Mr. COWAN: The answer is yes. I wonder, if we line these phenomena 

up on the basis of critical points, if it does not come back fundamentally 

the matter of reaction rates. If the critical point is changed by 

vy kind of an alloy addition, the reaction rate on cooling would be 

changed. We might as well make an analysis of this matter from that 
standpoint. 


G. K. MINERT: You speak of reaction rates but, for instance, what 
happens if the treatment is moved away from the critical? What hap- 
pens if you get it close to the critical? 


Mr. COWAN: A change of temperature does not do anything more 
than change the size of the spheroids. If you come close to the critical 
in one case and in another case you are 50 degrees away from the critical, 
does that have any greater effect than changing the size of the spheroids? 
I have the idea that it is a change of the size of the spheroids; that if 
you come close to the critical you will have very finely dispersed 
spheroids, whereas you get farther away and they are larger in size. I 
do not know whether that is right or not. 


H. BORNSTEIN: I think with the lower manganese, you perhaps have 
a material which is more sensitive to the formation of these ferrite 
particles around the graphite. You have to be more careful in the cooling 
cycle to produce a pearlitic malleable by cooling rapidly from the first 
stage graphitization temperature to draw temperature, say, from 1600 
down to 1300°F. With rapid cooling an absence of the ferrite will be 
obtained, while with slower cooling you will get quite a formation of the 
ferrite. With enough manganese in there, the formation of that ferrite 
will be retarded. 


C. F. JosEPH: I believe that is true. Everybody knows that man- 
ganese helps to produce an iron which is freer from ferrite. 


CHAIRMAN ANDERSON: How do you determine the difference in 
machinability of the various structures. You refer especially to a 
material that has ferrite around the graphite nodule as being a hard 
material to machine because the ferrite sticks to the tool tip. If that is 
the case, when you machine a pearlitic malleable that is entirely free 
from massive cementite, or free cementite, we expect and know that you 
will have difficulty in machining because you have an abrasive action 
that ruins the tool tip after a short period of time. If you have either 
the structure you described or lamellar pearlite that is entirely free of 
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any massive carbides, how would you account for the ferrite around the 
carbon nodules decreasing the machinability when you have as a con- 


parison the malleable iron that is entirely ferritic? 


Mr. Cowan: I have nothing in the way of figures. That is 


practical observation made by those who machine the metal. They say 


a 


“This machines well; give us this,” and “This does not machine well.” 
and, when examined under the microscope, it was found that there are 
these ferritic areas around the carbon nodules in those specimens that 


do not machine well. That is all relative, it is all comparative and depends 
' 


on a great many factors, as you can see. But the test that I referred to 


was a practical machining test. 


Mr. COWAN (Written Closure): We are grateful indeed to Profes- 
sor Walker for this fine contribution and are pleased to know that th 
Universit f Illinois is continuing its work along these lines. We will 


look forward in anticipation, for the report of this work. 


The S-curve given in Fig. 6 is very interesting. It differs from thé 
more familiar form which deals with the heat treatment of small sec- 
tions of eutectoid steel. It is surprising to find that a characteristi 
effect is produced in such large sections by moving the curve to the 
right of its usual position. It should be observed that the micro- 
structures resulting in this case are different from these found wher 


quenching small sections of eutectoid steel in the same manner. 


It is noted also that the size and distribution of the spheroids 


are traceable to the form the carbon in the quenched specimens 


} 


so that, the more nearly amellar this form, the larger the spheroids 
and the longer the time required for their formation. 

An examination of Fig. 11A reveals a number of spheroids of 
cementite occurring in the quenched specimen similar to those described 


In the paper 


Attentior called to the fact that the iron used by Mr. Nielsen 
has an unusually high manganese content. An increased amount of 


manganese known to have a beneficial effect on the spheroidization 
of the usual iron so that it is necessary to consider this fact in studying 


the result obtained. 


This contribution provides a valuable addenda to the paper and 


is greatly appreciated. We believe Professor Walker is right in saying 


that this field of heat treatment will become increasingly important. 











Effects of Sulphur 


‘on Properties of Electric Furnace Cast Iron 


By Futton HoutTspy* AND RAuea L. DowpeEuL*, MINNEAPOLIS, MINN 


Abstract 


In this paper, the authors record the results of an 
investigation of the effects of sulphur on the various 
properties of electric furnace cast iron. Not only are 
data recorded but observations of the behavior of the 
molten metal prior to pouring also are given. After re 
viewing past investigations on the subject, the authors 
made 40 casts of electric furnace iron, under controlled 
conditions, in the form of various type test bars and 
tested them for transverse strength, deflection, tensile 
strength, flowability (fluidity), machinability, hardness, 
contraction, depth of chill, chemical analysis and micro- 
structure. As a result of these inve stigations, the authors 
conclude that at about 0.18 per cent sulphur, there is a 
transition point in the properties of electric furnace cast 
iron. Up to that percentage, increased sulphur lowers 
transverse and tensile strengths and hardness and in 
creases deflection and that at percentages above that 
figure, the reverse is true; that an increase in sulphu 
will decrease the resulting manganese analysis, the de- 
crease being more rapid in iron containing more than 
0.18 per cent sulphur; that flowability (fluidity) of the 
iron decreases rapidly at about 0.18 per cent sulphur, the 
fluidity remaining the same above and below this 
amount, provided manganese is held constant; that chill 
depth is not affected by sulphur, provided manganese 
content remains constant; and finally that up to 0.14 per 
per cent sulphur, machinability decreases, between 0.14 
and 0.18 per cent sulphur, it increases and above the 
latter figure again decreases. 


* Instructor, Foundry Practice and Professor of Metallography, respectively, 
University of Minnesota. 

Nore: This paper was presented at a Gray Iron Session of the 4ith A.F.A. Con 
ention, May 9, 1940, Chicago, UL 
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in the past, foundrymen have endeavored to kee; 
sulphur content in cast Iron below 0.10 per cent, believing that 
was the source of innumerable undesirable properties Few 
vestigations have been conducted to determine whether or not t} 


effects of sulphur were as bad as is generally believed. The pw 


pose ot the investigation. as discussed in this paper, Is to determ he 


the effects of sulphur on electrie furnace cast iron 


REVIEW OF PREVIOUS INVESTIGATIONS 


2. Sulphur in pig iron is derived primarily from the cok 
and sulphur compounds of the blast-furnace burden. The foundry 
grade of blast-furnace pig iron has a sulphur content of 0.02 \ 
0.05 per cent. Ordinarily, when metal is melted in a cupola or 
common fuel-fired furnace without flux, the sulphur content is 
increased. This increase is the result of an absorption of sulphur 
dioxide (SOv) from the fuel. Moldenke'* gives the average in- 
crease of sulphur in the iron to be 0.02 per cent in good cupola 
practice and as high as 0.06 per cent in poor cupola practice. This 
percentage continues to increase during each remelting, resulting 
in a sulphur content of about 0.12 per cent for the best machinery 


iron scrap available at the present time. 


3. Present day specifications for cast iron limit the sulphu 
content to 0.10 or 0.12 per cent. These limits require that the 
foundrymen use more expensive low-sulphur pig iron and less high- 
sulphur, low-cost scrap in their furnace charges to keep sulphur 
under the specified maximum limits. 


$. Desulphurizing molten cast iron in the furnace, fore- 
hearth, or ladle has become accepted practice during the past 10 
years as a means of keeping sulphur down to the specified limits 
Evans”? recommended 10 lb. of fused soda ash (commercial sodium 
carbonate) added to a ton of metal in the ladle to decrease the 
sulphur content 50 per cent. Girardet and Lelievre*® also investi- 
gated the desulphurization of cast iron with sodium carbonate. 
Bettendorf and Wark* recommended lime (calcium oxide) and 
fluorspar (calcium fluoride) as the most efficient desulphurizers 


Nany other investigators have condemned sulphur in amounts ove! 


* Superior numbers refer to bibliography at end of this paper 
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0.10 per cent, as being harmful to the properties of cast iron and 


nave devised methods of reducing it by chemieal means. 


5. A few investigators have denied that the presence of 
sulphur is a source of certain trouble. Moldenke® stated that it 


was possible to make soft and machinable castings containing 0.22 
per cent sulphur with a normal silicon content. The American 
Society for Testing Materials® advanced the limit of sulphur to 
0.17 per cent about 1924 in its standard specifications for chilled 
car wheels. They have decreased the permissible amount present 
until now 0.14 per cent is the limit. The specifications state that 
the minimum percentage of manganese shall not be less than three 
times the sulphur content. 


6. lLlurst' states that British foundrymen for some time have 
recognized that sulphur in east iron is not necessarily harmful. 


7. A careful survey of available literature, back to 1910, 
showed only one investigation where the influence of sulphur on 
the physical properties of cast iron had been tested under actual 
foundry practice. Smith and Riggan*® concluded from two hundred 
series of tests on cupola east iron that (1) the strength and fluidity 
of cast iron are not affected by sulphur; (2) Brinell hardness and 
combined carbon increase with sulphur content; (3) machinability 
decreases with an increase in sulphur content; (4) the sulphur 
content ean be decreased by manganese additions and manganese 
is decreased by sulphur additions; and (5) sulphur up to 0.18 per 
cent has little effect on the properties of gray iron if the iron has 
a correct percentage of manganese. 


ScorPpE OF PRESENT INVESTIGATION 


8. The research the authors are describing consisted in mak- 
ing and testing 40 easts of electric furnace cast iron in the form 
of various test bars. These bars were tested for transverse strength, 
deflection, tensile strength, flowability, machinability, hardness, 
contraction, depth of chill, chemical analysis and microstructure. 


9. It would be impossible to investigate the effects of sulphur 
in all different compositions of electric furnace iron or in any one 
composition poured at all possible pouring temperatures. The com- 
position, therefore, was kept as nearly constant as possible, varying 
only the amounts of sulphur. The objective was to work with 
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ordinary commercial metal and duplicate the usual pouring tem. 
peratures. The iron was heated to 2800°F. and poured at 2600°F. 


Metals Used 

10. Metals used for furnace charges consisted of two grades 
of pig iron, steel forge scrap, commercial stick iron sulphide, and 
granulated ferromanganese The chemical analyses of these raw 


materials are shown in Table 1] 


Table 1 


CHEMICAL COMPOSITION OF RAW MATERIALS 


Carbon, Silicon, Manganese, Sulphur Phosphorus 

PerCent PerCent PerCent PerCent Per Cent 
Pig Iron A 3.97 2.96 1.12 0.013 0.13 
Pig Iron B 3.19 2.85 0.90 0.028 0.13 
Steel Scrap 0.20 0.08 0.52 0.028 0.022 
Iron Sulphide 26-28 
Ferromanganest 5.00 (approx.) 80-85 





Fic. 1—Vertica TRANsveRsE Test Bar Mo tp. 
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FouNDRY PROCEDURE 


11. The foundry technique used in making test bar molds, 
and melting and pouring the metal, was developed especially for 
this investigation to maintain, as nearly as possible, constant 


conditions. 


Pre paration of Molds 


12. Molds for transverse test bars and chill test bars were 
baked molds of core sand having the following composition by 
volume: 48 parts silica sand, 1 part linseed oil, and 2 parts water 
When baked for 4 hr. at 425°F., the mixture showed_a permeability 
of 85 to 95. The vertical transverse test bar mold, consisting of 
a double mold eavity, strainer cores, and pouring basin, is shown 
in Fig. 1. 


3. Molds for the flowability, step and contraction test bars 
were made from green synthetic molding sand on a combination 
jolt-squeeze molding machine. The synthetic sand had the follow- 
ng composition by volume: 24 parts silica sand, °4 parts bentonite, 
\, part cereal flour, and 114 parts water. When squeezed at a 
pressure of 70 lb. per sq. in., the sand had a green permeability 


of 75 to 85 and a green compressive strength of 5 lb. per sq. in. 


The molding machines, pattern equipment, and finished molds 


ready for closing, are shown in Figs. 2 and 3. 


Velting 
14. An electric, rocking, indirect-are furnace was lined with 
mullite bricks and, when found necessary, was patched with the 


same material. 


15. The furnace was cleaned of all slag, patched, and started 
from room temperature for each heat. The lining was preheated 
to 1500°F. before the furnace was charged. The charge, consisting 
of 180 lb. of pig iron, 20 lb. of scrap steel and the iron sulphide 
additions, was placed in the hot furnace so that the sulphide sticks 
were protected from the are by the pig iron and the steel serap. The 
pouring spout of the furnace was partially closed with a brick and 
melting was started. 


16. Heats, of two casts each, were made from a charge of 
pig iron A, steel scrap and iron sulphide. This metal was super- 
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Fic. 2—Torp—CompinaTion Joit-SquEEzE Motpinc MacHINE SHOWING SYNTHETIC GREEN 
Sanp Step anp Contraction Test Bar Moin Reapy ror Ciosinc. Fic. 3—Borrom—Moip 
ING MacHINE SHOWING SYNTHETIC GREEN SAND FLowasitity Test Bar Moip Reapy FoR 
CLosiNnG. 
heated to 2800°F. and half of it was poured at 2600°F. into the 
test bar molds. This portion of the heat was designated as the 
first cast of the heat and the test bars poured from it were given 
even numbers. The second portion, or cast, from each heat was 
poured at 2600°F. from the same metal after a ferromanganese 
addition had been made, and the metal heated to 2800°F. The 
test bars made from the second cast of each heat were given odd 


a Rn 
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mbers, one higher in number than the first cast of the heat. 
The cast numbers of these heats are 10 through 29 and are called 


series A. 


17. The furnace input for this series of heats was 90 k.w. 
per hr. requiring a total of 92 k.w. hr. to heat the metal to 2800°F. 
for the first cast. Melting time averaged 1 hr. and 8 min. The 
second cast required 10 k.w. hr. additional input. 


18. Ten heats of two casts each were made from a charge of 
pig iron B, steel scrap and iron sulphide, using a faster melting 


rate. These heats were duplicates of series A, except for melting 
time. The cast numbers of these heats are 30 through 49 and are 
ealled series B. 


19. The main difference between series A and B was that 
series A casts had a higher initial content of manganese and a 
melting time of 12 min. longer than series B. 


20. The furnace input for this series of heats was 110 k.w. 
per hr. requiring 88 k.w. hr. to bring the metal up to 2800°F. for 
the first cast. The melting time averaged 55 min. The second east 
required 8 k.w. hr. additional input. 


21. Rocking cycle of the furnace during melting was 2 
notches at 40 k.w. input, 4 notches at 50 k.w. input and 8 notches 
at 60 k.w. input. The furnace was shut off. after 92 k.w. input for 
series A, and 88 k.w. input for series B and the temperature of 
the metal measured. 


22. If the superheat temperature was not up to 2800°F., melt- 
ing was continued until this temperature was reached. Several 
heats were over-heated and the excess superheat temperature was 
plus or minus 20°F. Table 2 shows how records of furnace heats 
are kept at the University of Minnesota. 


Temperature Measurements 


23. Superheat and pouring temperatures of the metal were 
measured with a calibrated tungsten-graphite thermocouple. This 
thermocouple was developed and built after serious difficulties 
were encountered in trying to use a platinum-platinum-10-per-cent- 
rhodium couple and an optical pyrometer. Nine preliminary casts 
were discarded because of errors in optical pyrometer readings 
caused by smoke and fumes, and because of failures in obtaining a 














310 EFFECTS 


SULPHUR ON CAST [Ron 


fast, accurate temperature reading with the platinum-platinum-10 


per-cent-rhodium couple. 


Table 2 
UNIVERSITY OF 


Mechanical 


Foundry Laboratory 


FURNACE HEAT 46 
DATE ROOM TEMPERATURE Cc 75 F 
CHARGI ( Si S Mn P Weight 
be Pig Iron 8.919 2.85 0,028 ° 0.90% 0.13 % 180 Ibs 
2. Iron Scrap % % v/ % Ibs, 
8 Steel Scrap 0.20% 0.03 0.028 % 0.52 0.022 % 20 Ibs 
4. Total Metals Charged 200 
ADDITIONS 
5. Carburizer Ibs 
6. Ferro-silicon %S “Tbs 
7. Ferrous sulphide 26-28%S % Ibs 
8. Ferro-manganese Mn “Tbs 
9. Ferrophosphorus %P Tbs 
MELTING 
10. Charge number i 2 3 
11 Arc off 2:82 
12. Arcon 1:88 $ 
18. Total time 54 
14. Rocking started 2:05 2:11 2:17 
15. Number of notches 2 4 3 
16. KW input 88 
17. KW input per minute 1.64 
18. Ratio of KW/Ib. of metal melted 
19. Pounds of metal melted/minute 
FURNACE TEMPERATURE 
20. Thermocouple lll Millivolts 86.4 ( __ 2800 F 
POURING TEMPERATURE 
21. Thermocouple Millivolts 34.6 » 2600°F. 
POUNDS OF METAL USED 
22. Ladle No. 1 61 Ibs 40 Ibs. 21 lbs 
28. Ladle No. 2 63 Ibs. 483 Ibs. — 20 lbs. 
24. Ladle No. 3 63 Ibs. — 41 Ibs. — 22 lbs. 
25. Ladle No. 4 60 Ibs. 85 Ibs. —— 325 ba. 
26. Ladle No. 5 52 Ibs. 87 lbs. — 15 Ibs. 
27. Ladle No. 6 Ibs Ibs. Ibs. 
28. roTAL 103 Ibs. 
NOTES: Slightly wild in furnace and ladle 
Very small amount of slag 
Appears hot, white color to metal 
Appears fluid. 
Test run by H 88 


re eee 


MINNESOTA 


Engineering Department 
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24. The tungsten-graphite couple was checked for errors in 
calibration after every 40 immersions or 4 casts. The construction 
and method of calibration is shown in a paper by one of the 


authors.” 


Pouring 

25. Molten iron was poured from the furnace into a small 
25-lb. preheated hand ladle. The tungsten-graphite thermocouple 
was immersed in the metal while the ladle and metal were being 
weighed. The metal was slowly stirred with the thermocouple to 
obtain a uniform temperature in the metal. When the iron reached 
a temperature of 2600°F., it was poured into a test bar mold. The 
ladle was reweighed after pouring to determine the weight of the 
metal removed from the furnace. The hand ladle was refilled and 


the procedure repeated. The order of pouring the test bar molds 


was: (1) Transverse test bars a and b, (2) flowability test bar and 
chill test bar, (3) step test bar and contraction test bar and (4 
transverse test bars c and d. The furnace, test bar molds and seales 


are shown in Fig. 4. 


g 
26. The weight of the metal removed from the furnace was 
determined and the remaining metal was poured into pigs until 


only 100 lb. remained in the furnace. 


Fic. 4—Furnace, Test Bak Moips anp SCALEs. 
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SECTION A-A 


Fic. 5—F.Lowasitity Test SPECIMEN 


27. The second part, or cast, of the heat consisted of making 
an addition of ferromanganese to the remaining molten metal and 
reheating to 2800°F. This required an additional 10 k.w. input, 
taking 8 min. time. The metal was poured in the same manner and 
at the same temperature as the first 100 lb. cast. 


> 


28. The test bars were left in their molds until they had 
reached room temperature. The bars then were removed from the 
molds and labelled with zine tags, wired to the casting. 


DETERMINATION OF PROPERTIES 


29. Test bar castings were tested for transverse strength, ten- 
sile strength, flowability, depth of chill, contraction and ma- 
chinability. 
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sverse Test 
30. Four transverse test bars, 2l-in. long and of 1.20-in 
ymeter, were made from each cast. These bars were broken on 
18-in. supports with a hand-operated transverse machine. Deflec- 
‘f the specimen was read at 1500-lb. load and at the breaking 
The diameter of the bar at the break was measured and if 





und to be other than 1.20-in., a correction factor’® was applied 
to the breaking load. 


Tensile Test 

31. <A tensile test bar was maclfined from the lower half of 
three transverse test bars from each cast. The standard A.S.T.M. 
’ were used with a polished neck diameter of 0.800-in. 
The tensile bars were tested in a 50,000-lb. capacity tensile machine 


limensions" 


sing a pulling speed of 0.05 in. per min. 


Flowability Test 

32. The flowability test bar’! (Fig. 5) was measured when 
removed from the mold. The 2-in. reference marks along the upper 
surface of the bar were counted and the number of inches the 
metal had run in the mold was recorded. 
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Chill Test 
33. The chill test bar (Fig. 6) was broken in the center while 
held in a special east iron breaking block. The depth of chill at 
I t 
points A and # was measured and the appearance of the fracture 


at points B, C and D was recorded. 


Contraction Test 

34. The gage bar (Fig. 7) was part of the mold. The molten 
metal, upon solidifying, took the shape of the mold cavity which 
was l-in. square by 12-in. long. The difference in length of the bar 
at room temperature and at freezing temperature Was measured 


and recorded in 64ths of an inch contraction per foot length 


Machinability T'¢ st 


39. Machinability was determined by measuring the time re 
quired for a drill, driven at a constant speed under a constant 


l 


load, to penetrate the metal a definite depth. 


36 The size and shape of the step test bar used for the ma 


chinability test is shown in Fig. 8. This bar was held in a vise on 


the table of a 14-in. drill press as shown in Fig. 9. 


37. The *%g-in. high-speed drill was driven at 474 r.p.m. by 
the V-belt drive. A constant 160-lb. load was applied to the drill 
by means of a weight hung on a 4-in. steel tiller rope which passed 
over and was attached to a sheave pulley. The casting was spot 
drilled at A, B, C, D and E, Fig. 8, with a used drill to remove 
any sand or scale. Holes were then drilled at these points using a 
freshly-sharpened drill for each hole. Time readings were taken 
with a stop wateh for each 14-in. of penetration in the 2-in. and 


l-in. sections, for each M%-in. of penetration in the i4-In section 


Fic. 7—ConrtTracrTion Test SPECIMEN 
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Fic. 8—Srer Test SPECIMEN 


and for each ve-in. of penetration in the 14-in. section. The Y-in 
section was tested only as machinable or not machinable. The 
depth of penetration was measured on the graduated spindle of 
the drill press. A second run was made on the 2-in. and 1-in. 
sections, using the same respective drill to check on the wearing 
of the eutting edge. A typical result sheet for a test is shown in 
Table 3. Each hole, except in the duplicate runs, was made with 


a drill sharpened in a precision drill grinding machine 





RAR I = 
r 


. 9—Apparatus Usep ror Macurnasitiry TEst 




















i i a ———— 





lt EFFECTS OF SULPHUR ON CAST [RON 
Table 3 
TYPICAL MACHINABILITY Data SHEET 


Test Bar No. 22 Series A 


Readings Time in hundredth of minutes 
Depth of 
Drill 
Pene tratior 
in inches © inch 1 inch 1%, inch \% inch Le incl 
l 76 83 
1 % 70 «(77 
l 60 64 
] Ad) 5 
+ 12 
, = 
i ) ) i} x 
21 22 ) 20 = 
; = 
‘ 14 
ly Q 12 1] Li 10 7 
; ) 5 5 5 
() 
/ = an & 
Machinability 
Number 10 10 10 10 


38. The machinability number used in this investigation is 
equal to the number of hundredths of a minute required to drill 
3g-in. diameter hole 14-in. in depth at 474 r.p.m. under 160-lb 
vertical load. The decrease in number represents an increase in 


machinability 


Chemical Analysis 
39. The determinations of the chemical analyses were made 
by the standard methods; however sulphur was determined gravi- 


metrically. 
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RECORDING OF RESULTS 

10. Physical properties, obtained from the test specimens, 
vere entered on individual report sheets and the resulting prop- 
erties calculated. A typical report sheet of the machinability tests 
s shown in Table 4. A typical report sheet of the physical prop- 
ties tests is shown in Table 6. Only one of these sheets is included 

n this report. The chemical analyses for the casts of series A are 
shown in Table 5, and those of series B in Table 7. The properties 
obtained from the report sheets are plotted curve sheets, Figs. 10 


through 17. 
Table 4 
TypicAL RESULT SHEET FROM MACHINABILITY TESTS 
Series B First Cast 


Average time in hundredths of a min. to drill 3¢-in. hole 14-in. 
deep at 474 r.p.m. under 160-Ib. load. 


Cast Sulphur, Section Size 
No. per cent 2 in. 1 in, le in. \% tn.  tn.* 
38 0.027 11 13 13 12 s. 
30 0.097 14 13 14 14 m. 
46 0.110 14 14 14 16 u. 
44 0.14 12 12 14 14 m. 
32 0.172 11 11 11 12 m. 
48 0.207 12 14 16 14 m. 
34 0.281 13 13 14 14 m. 
36 0.295 15 16 16 16 m. 
42 0.36 18 20 23 23 m. 
40 0.500 25 26 25 28 s. 


*m. denotes machinable for % in. section. 
u. denotes unmachinable for % in. section. 
s. denotes slightly machinable for % in. section. 


DiscussION OF RESULTS 
41. The test results of the B series show more uniformity 
than the A series. This was due to the faster melting rate used 
in the B series and the experience and data obtained from the A 
series which was used in planning the later casts. 


42. The chemical analyses of the casts from the first part 
of each heat showed a definite drop in manganese content as the 
sulphur content was increased. This decrease in manganese was 
more rapid as the sulphur content was increased beyond 0.18 
per cent. 
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Table 5 


CHEMICAL ANALYSIS, PER CENT BY WEIGH’ 


Series A 


Cast Number C Si Mn S P 
10 3.56 2.49 0.86 0.228 0.13 
11 3.56 2.46 1.23 0.161 0.12 
12 3.53 2.45 0.77 0.331 0.13 
13 3.54 2.40 1.56 0.152 0.13 
14 3.48 2.52 0.67 0.349 0.18 
15 3.40 2.57 1.45 0.163 0.13 
16 3.45 2.65 0.83 0.165 0.13 
17 3.51 2.61 1.48 0.086 0.14 
18 3.46 2.58 1.06 0.017 0.13 
19 3.41 2.64 1.57 0.014 0.18 
20 3.48 2.61 0.98 0.171 0.13 
21 3.53 2.56 1.63 0.144 0.12 
22 3.49 2.44 0.96 0.198 0.13 
23 3.48 2.55 1.69 0.111 0.11 
24 3.54 2.51 1.04 0.057 0.12 
25 3.52 2.57 1.58 0.047 0.15 
26 3.49 2.50 1.00 0.068 0.11 
27 3.45 2.54 1.68 0.056 0.12 
28 3.49 2.53 0.98 0.153 0.12 
29 3.42 2.57 1.56 0.147 0.12 


43. Manganese in cast iron is present as an oxide, as iron- 
manganese carbide ([FeMn];C), and as manganese sulphide 
MnS), or manganese sulphide-iron sulphide (MnS-FeS). With 
the large amount of silicon and earbon present, it is doubtful 
whether much of the manganese was lost by oxidation. The man- 
ganese, which forms manganese carbide by combination with car- 
bon, is not lost and is part of the reported manganese. The man- 
ganese which combines with sulphur forms manganese sulphide 
from the reaction Mn + S=— MnS requiring 1.73 parts by weight 
of manganese and 1 part by weight of sulphur to form 2.73 parts 
by weight of manganese sulphide. If the sulphur is present as 
iron sulphide, the manganese forms manganese sulphide from the 
reaction FeS + Mn = MnS + Fe which, according to Herty and 
True™ is reversible. 


44. This manganese sulphide, according to Rohl'*, has a 
melting point of ebout 2950°F. and hence is a solid at the tem- 
peratures used in this investigation. Moldenke® reports the specific 
gravity of manganese sulphide to be about 3.55 as compared to 
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Table 6 


UNIVERSITY OF MINNESOTA 


Mechanical Engineering Department 


Foundry Laboratory 


HEAT NUMBER 26 SERIES A-3 DATE 


TRANSVERSE TEST 


Pounds Corrected Def. per Def. per 
Bar No Load Diam. Load 1500 Ibs break 
A 2100 1.20 2100 19 2 
B 2000 1.20 2000 19 9 
( 2080 1.21 2026 22 
D 1860 1.20 1860 .20 29 
2. TENSILE TEST: 
Pounds Pounds per Brine 
Bar No Load Area Square inch Hardness 
A 12270 ly 24540 4.70 163 
B 12230 ly, 24460 . 4.65 
= 
D 10650 diy 213800 4.80 15¢ 
8. FLOWABILITY TEST: 
Flow in notches 19%. : .3 39 inches 
4. CONTRACTION TEST: 
Gage length 12.000 inches 
Gage—test bar inches 
Contraction /ft 8/64 inches 
5. STEP-BAR. TEST: 
Chill B. Hardness Mach.—Min./\’ 
‘e in. section unmachinable 
% in. section 7 ~ 13 
n. section 13 
1 in, section nae 
2 in. section 12 
6. CHILL AND SHRINK TEST 
Depth of “A” chill Lg inches 
Depth of “E” chill "inches 
Porosity at “C” 
Brinell Hardness A 
B 
Cc ; 
D 3 
; _— 
7. CHEMICAL ANALYSES 
C% Si% Mn % S% Ph% 
3.49 2.50 1.00 068 1 


Test Run By FH 39 
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Table 7 


CHEMICAL ANALYSIS, PER CENT BY WEIGHT 


Series B 
Cast Number Cc Si Mn S P 

30 3.56 3:77 0.85 0.097 0.12 
31 3.51 2.73 0.89 0.095 0.11 
32 3.55 2.62 0.85 0.172 0.12 
33 3.53 2.64 1.01 0.170 0.12 
34 3.57 2.61 0.81 0.281 0.13 
35 3.55 2.68 1.09 0.241 0.13 
36 3.55 2.68 0.80 0.295 0.11 
37 3.52 2.67 0.97 0.277 0.12 
38 3.45 2.65 0.85 0.027 0.12 
39 3.37 2.70 0.91 0.028 0.13 
40 3.44 2.68 0.70 0.500 0.11 
4l 3.52 2.72 0.74 0.332 0.11 
2 3.41 2.67 0.73 0.360 0.11 
3 3.46 2.70 0.81 0.289 0.12 
44 3.57 2.68 0.87 0.140 0.12 
45 3.42 2.69 0.92 0.139 0.12 
46 3.51 2.66 0.82 0.110 0.12 
47 3.52 2.65 0.90 0.109 0.12 
48 3.57 2.61 0.66 0.207 0.12 
49 3.47 2.63 0.94 0.203 0.12 


7.20 for molten iron. As this solid manganese sulphide, having 
only half the specific gravity of iron, is formed, it will tend to 
float to the surface of the metal and be skimmed off as slag. This 
decrease in manganese content with an increase in sulphur content 
agrees with the results reported by Smith and Riggan’. 


45. The chemical analyses of the casts from the second part 
of each heat showed a definite drop in sulphur content as the 
manganese increased. This decrease in sulphur content was pro- 
portionally greater in the heats that were superheated above 
2800°F. and in the heats where the melting time was long. These 
results prove that manganese is a desulphurizer in electric furnace 
‘ast iron. This desulphurizing action of manganese limited the 
amount of sulphur which remained in the second part of each 
heat. The second cast of the heats in series B were heated more 
rapidly and for a shorter length of time than those in series A 
and had a lower manganese content. Hence, a sulphur content of 
U.032 per cent was retained in series B as compared to 0.163 per 


ent retained in series A. This does not agree with the results ob- 
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tained by Shaw'*, who believes manganese cannot lower the sul. 


phur content under actual foundry conditions. 


Effect Of WU prur On Wolte i Vetal 


] 
; 


16. Certain changes in the properties of the molten metal] 
were noticed when the sulphur content was increased. The casts 
containing over 0.18 per cent sulphur had some slag on the meta] 
when it was poured from the furnace, while casts below 0.18 per 
eent sulphur, except casts 16 and 48, were nearly free from slag 


Upon holding in the ladle, slaw formed rapidly in the easts high 


in sulphur where the manganese showed a decrease. This further 


indicates desulphurizing by the manganese 


17. The ladles, after pouring the high sulphur iron, were 
eoated with a layer of slag which, upon further cooling, became 


liquid and ran as small drops to the bottom of the ladle. The 
metal and slag also adhered to the thermocouple and after the 
couple was removed started to become fluid and dripped off. This 
dripping would continue until the temperature of the couple 
dropped to 2120°F. and then the material would solidify. This 
happened in every case that the flowability test bar indicated poor 
flowability 

18. The molten metal containing high sulphur appeared slug- 
gish and had a yellow orange color at 2600°F. compared to a 


white vellow color of the molten metal low in sulphur. 


19. The molten metal oceasionally seemed wild and would 
boil in the hot ladle or around the thermocouple, giving off a blue 
flame characteristic of carbon monoxide. The metal low in sulphur 
would boil and then become quiet in a few seconds after being 
in the ladle. The metal high in sulphur did not boil rapidly, but 


would continue boiling for a longer period of time. 


Flowability 

50. The flowability of the electric furnace east iron decreased 
slightly with increase in sulphur content up to about 0.18 per cent 
At this point, the flowability dropped sharply to about half its 
original amount. This dropping point is the same for both series 
and was not altered by manganese additions. The second casts of 
series A did not show this drop in flowability as the highest sul- 


phur content was only 0.163 per cent. 
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51. Cross checking the flowability data also shows that the 
lowability decreases with an increase in manganese content for 
easts having a sulphur content below 0.18 per cent and that 
flowability has a tendency to increase with an increase in 
manganese content above 0.18 per cent. This change in flowability 


0.18 per cent sulphur content is caused by some of the solid 


ianganese sulphide which did not have time to float to the slag 
aking a sluggish mixture of a solid and a liquid. The rapid 
) in flowability occurs at the same sulphur content where the 


7 F iro] 
inganese content started to decrease rapidly. 


52. Comparisons of the flowability properties and the man- 
vanese contents show that a cast, having a manganese content 
ther higher or lower than the average, will have a correspond- 


izly higher or lower flowability number. Since all casts in each 


series started with the same manganese content, a lower value 
than the average indicates excess manganese sulphide in the metal 
The flowability was less for the A series as the melting time was 


iver and the manganese content higher. 


Ine. WUSLOTLS 


53. Inclusions, believed to be manganese sulphide or man 
vanese sulphide-iron sulphide, were found in all microscopic speci 
ens having a sulphur content over 0.10 per cent. The appear 
ince of these inclusions are shown in Figs. 18, 19, 20 and 21. These 
hhotomicrographs were taken 10 mm. in from the surface of the 


iiddle seetion of a transverse test bar. 


04. Fig. 18 shows a typical structure of a low sulphur elee- 
tric furnace cast iron. It shows white ferrite grains surrounded 
by thin graphite fakes. The white dotted lakes are iron phosphide 


or steadite. 


99. Fig. 19 shows a typical structure of an electric furnace 
‘ast iron of about 0.10 per cent sulphur. The gray inclusions are 
manganese sulphide. The graphite flakes are thin and seem to 
center around the manganese sulphide inclusions. Steadite is pres- 


ent as shown by the white dotted lakes. 


96. Fig. 20 shows a typical structure of an electrie furnace 
cast iron of about 0.18 per cent sulphur. The gray inclusions are 


robably a manganese-sulphide-iron-sulphide eutectic compound 
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Fic, 18—Torp—Etecrraic Furnace Cast Iron, Ercuep witrn Picric Aci, X 1000. Cast No 


88. Su_tpHuR 0.027 Per CENT, MANGANESE, 0.85 PER Cent. Fic, 19—Botrrom—E .ectri 


Furnace Cast Iron, Ercuen witrn Picric Acip, X 1000. Casr No. 30. Su_tpHur, 0.097 Pra 


Cent, MANGANESE, 0.85 Per CENT. 


The flakes of graphite are larger and more numerous than in 


Fig. 19. The pearlite laminations are spheroidal in appearance 


o7. Fig. 21 shows a typical structure of an electric furnace 
east iron of about 0.30 per cent sulphur. The graphite flakes aré 
small and in some cases are of a whorl or rosette form. Th¢ 
manganese sulphide inclusions are large and numerous, some being 


Y 


speckled in appearance. The amount of manganese sulphide 
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e specimens having a sulphur content above 0.18 per cent seemed 


increase as the sulphur content increased. Microscopic specimens 


so showed more manganese sulphide in the top sections of the 


a 


ertical cast transverse test bars than in the middle sections. 


(Contraction 
58. The contraction of the from 


ie freezing temperature to room temperature, increased with an 


cast iron, when it cooled 


Aci, X 1000. Cast No. 
Borrom—E.ectTric 


Evectric Furnace Cast Iron Ercuep with Picric 
0.295 Per 


22. SuLpHuR, 0.172 Per CENT, MANGANESE, 0.85 Per Cent. Fic. 21 
Iron ErcuHep witn Picric Acip, X 1000. Cast No, 36. SuLPHUR, 


CENT, MANGANESE, 0.80 Per Cent 


Fic, 20—Top 


Furnace Cast 
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Fic, 22—Fracrure or Cum. Test Bars—Sernizs A — Finst Casts 

Top 
SS Pere errs 18 24 26 28 16 
Sulphur, Per Cent......... 0.017 0.057 0.068 0.153 0.165 
Manganese, Per Cent...... 1.06 1.04 1.00 0.98 0.834 

BoTTOM 
ee 20 22 10 12 14 
Sulphur, Per Cent......... 0.171 0.198 0.228 0.331 0.349 
Manganese, Per Cent...... 0.98 0.960 0.86 0.774 0.674 


increase in sulphur content up to 0.10 per cent sulphur and then 
decreased as the sulphur increased to 0.18 per cent. A further 
inerease in sulphur caused an increase in contraction. The broken 
tensile and transverse bars showed a large amount of graphite 
flakes at 0.027 per cent sulphur, a mottled fracture at 0.18 per cent 
sulphur, and a mottled fracture at 0.30 per cent sulphur. The 
contraction of white cast iron is usually considered to be }{ in. 
per ft. An increase in graphite indicates a decrease in contraction 
due to the swelling action of the metal when graphite is produced 
from the decomposition of iron carbide from the reaction Fe,;C = 


3Fe + C (graphite). 
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T ests 


59. Figs. 22, 23, 24 and 25 show the fractures of the chill 


dD pth of Chill 


60. Depth of chill of the first casts from both series of heats 





lecreased as the sulphur content increased. Since the manganese 
ontent also was decreasing with an increase in sulphur content, 
the decrease in chill was probably due to the decrease in total 


manganese eontent, together with a decrease of manganese not 


Fic, 283—FracrurE or Cuitt Test Bars — Series A — Sroonp Casts 


_— 
Cast Number 25 27 17 23 
Sulphur, Per Cent 0.014 0.047 0.056 0.086 0.111 
Manganese, Per Cent 1.58 1.68 1.48 1.69 
BOTTOM 

Cast Number 29 13 11 15 
Sulphur, Per Cent : 0.152 0.161 0.163 
Manganese, Per Cent d 1.56 1.23 1.45 
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Fic, 24—Fracrure or Cut Test Bars — Serres B— Finst Casts 








Top 
Cast Number ....- ses yd 38 30 46 44 32 
Sulphur, Per Cent......... 0.027 0.097 0.110 0.14 0.172 
Manganese, Per Cent...... 0.85 0.85 0.82 0.87 0.85 
BOTTOM 
Ce De na Sw aaleuees 48 34 36 42 40 
Sulphur, Per Cent......... 0.207 0.281 0.295 0.36 0.500 
Manganese, Per Cent...... 0.66 0.81 0.80 0.73 0.70 


combined with sulphur. There seemed to be a rapid decrease in 
chill between 0.10 per cent and 0.18 per cent sulphur as compared 


to the rest of the casts. 


61. Chill test bars 24 and 46, upon first appearance, seemed 
to have more chill than other casts of nearly the same analyses 
A close examination showed that these deep chills were not wholly 
cementite but contained some graphite flakes. 


62. The chill test of the second casts from both series of 
heats showed that an increase in manganese content for casts hav- 
ing less than 0.18 per cent sulphur caused an increase in chill 
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ur 


Casts having more than 0.18 per cent sulphur decreased in depth 


with an merease In sulphur content 


Strength 


63. Transverse strength decreased as the sulphur content 
eased up to about 0.18 per cent. This is contrary to the re- 
1D 


ts obtained by Coe who believes that sulphur increases the 


nsverse strength and hardness. A further increase ji 


1 sulphur 
raised the transverse strength slightly. As the transverse 


neth decreased with an increase in sulphur, the fracture showed 


1 


Fic, 25—Fracture or Cutt Test Bars—-Serizes B—Seconp Casts 








Top 

eT eer re 39 3 47 45 33 
Sulphur, Per Cent......... 0.028 0.095 0.109 0.139 0.170 
Manganese, Per Cent...... 0.91 0.89 0.90 0.92 1.01 
BOTTOM 

CI on eg wns 49 35 37 43 41 
Sulphur, Per Cent......... 0.203 0.241 0.277 0.289 0.332 


Manganese, Per Cent...... 0.94 1.09 0.97 0.81 0.74 
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larger graphite flakes, the maximum size of graphite flakes being 


found at about 0.18 per cent sulphur. 


64. This change in the amount of graphite flakes was further 
checked by chemical means. Cast number 38, containing 0.027 
per cent sulphur, had 3.05 per cent graphitie carbon and 0.49 
per cent combined carbon. Cast number 30, containing 0.097 per 
cent sulphur, had 2.95 per cent graphitic carbon and 0.54 per cent 
combined carbon. Cast number 32, containing 0.172 per cent sul- 
phur, had 3.20 per cent graphitic carbon and 0.38 per cent com- 
bined carbon. Cast number 42, containing 0.36 per cent sulphur 
had 2.56 per cent graphitic carbon and 0.85 per cent combine 
carbon. Above 0.18 per cent sulphur, the microstructure becomes 
more mottled and the graphite flakes take a whorl or rosette form 
which would account for the slight increase in the transverse 
strength. It should be noted that the change in the graphitic struc- 
ture with an increase in sulphur content is similar to that show 
by Boyles'®. Several of the transverse test bars above 0.26 per 


cent sulphur were defective as noted on the curves 


Machinability 


65. The machinability of the cast iron decreased with a 
increase in sulphur content up to about 0.10 per cent of sulphur 
and then increased as the sulphur content increased up to about 
0.18 per cent sulphur. An increase in sulphur beyond 0.18 per cent 
decreased the machinability rapidly. This increase in machinability 
with an increase of sulphur from 0.10 per cent to 0.18 per cent, 
is contrary to what is generally believed to be the case. At first, 
this phenomenon was thought to be due to the decrease in man- 
ganese content, but a cross check shows that, even with an increase 
in manganese content, in the second casts, the machinability tends 
to be better at about 0.18 per cent sulphur. The machining time 
inereased when the manganese content was increased in the second 
casts as compared to the machining time for the same sulphur 


content of the first cast. 


66. The machining time curve and the contraction curve are 
nearly identical in shape. An increase in contraction indicates 4 
decrease in machinability and vice versa. As already mentioned, 
the east iron showed large graphite flakes at 0.18 per eent sulphur 
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67. Since the machinability of cast iron is often considered 
be in direct relation to the hardness, it is interesting to note 
hardness of the step bar, as measured next to the drilled hole, 
follows the hardness curve as taken from the tensile bars and is 


‘tt in relation to machinability below 0.18 per cent sulphur. 


yinell Hardness and Tensile Strength 


68. The Brinell hardness and tensile strength of both series 
{ casts showed a definite decrease as the sulphur content was in- 
creased up to about 0.18 per cent. Above this point these two prop- 
erties increased slightly. The curves representing these two prop- 
erties have the same shape, showing that tensile strength is in 
proportion to hardness. The second casts for both series A and B 
showed an inerease in Brinell hardness and tensile strength as 
compared to the first casts of the same analyses. This was caused 
by the manganese additions in the second easts. It also should be 
noted that nearly every time the manganese content increased or 
decreased the hardness and tensile strength correspondingly in- 
creased or decreased. This might have been caused by the manga- 
nese carbide formed, which increased the pearlite in the metal 


and resulted in less graphite 


Blow Holes and Gas Pockets 


69. <A large number of blow holes or gas pockets were found 
in some of the test bar castings when they were broken. It was 
found that these blow holes were only in the bars in which there 
had been a large loss of manganese in the first casts from each heat, 
or in which a manganese addition had caused a decrease in sulphur 
content in the second cast of each heat. Most of these bars were 
over 0.18 per cent sulphur, with the exception of casts 16 and 48. 
Casts 16 and 48 were heats in which furnace trouble necessitated 
a longer melting time than usual and the resulting manganese con- 


tent was lower than the average. 


Balls of Metal in Gas Pockets 


70. About 50 per cent of the gas pockets found in the high 
sulphur iron contained small, bright, round balls of metal. Some 
of these balls or shot were loose in the holes, while others were 


firmly attached to one side. The appearance of the balls attached 


to the side of the hole is shown in the photomicrograph, Fig. 26, 
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Fic, 26——Fracrure «nN Cast [Ron with Gas Bussie, X 1% 


reproduced from a Carl Zeiss ecatalogue.'’ Some of these holes 


contained more than one shot. 


71. Some of the high sulphur castings showed, upon machin 
ing, small crescent-shaped holes indicating that a ball or shot was 


only partly formed. 


72. These blow holes, with or without shot, did not occur 
throughout the entire casting. In nearly every case they were 
found about ¥g in. in from the easting surface, independent of 
the easting thickness except that no balls were found in castings 
thinner than 1% in. These balls and holes were more noticeable 


near the top of the castings than at the bottom. 


73. At first it was thought that these balls were formed when 
the metal was poured from the ladle into the mold. After studying 
the gating systems used and the position of the holes in the cast- 
ings, it is doubtful if a ball could pass through the skim gate and 
secondary sprue of the step test bar mold or remain ¥% in. from 
the surface in the open top chill test bar mold. Therefore, it was 
thought that these defects formed upon solidification of the metal 
in the mold. This was proved further by some of the step test bars 
showing small balls squeezed out of the cope side of the 2-in. sec 


ea 


tion as shown in Fig. 27 


74. Microscopic examination of these shot or balls showed 


that the graphite flakes were finer and less numerous than the 
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graphite in the metal around the balls. The balls which were 
detached from the metal showed no manganese sulphide inclusions, 
while those attached to the metal were free from manganese sul- 
phide inclusions, except at the point of attachment where an excess 
,f inclusions was found. The mother metal around the gas pocket 


also showed excessive manganese sulphide inclusions. 


75. Some of these defects near the top of the castings showed 
a slag material between the ball and the mother metal. Fig. 28 
shows one of these balls at 100 magnification surrounded by a slag 
which seems to be composed of three constituents. Fig. 29, which is 
a photomicrograph of a ball about the same size as shown in Fig. 
28, but found loose in a clean gas pocket, shows the graphite flakes 
are smaller in the former. 


76. Time did not allow an analysis of these slag constituents 
by the acid treatment as outlined by Campbell and Comstock", 
but from their similarity to those identified by Wohrman’® and the 
‘hemical analyses of the shot, the constituents are assumed to be 
manganese sulphide as they had the same color as the inclusions 
at the tail of the ball. The black constituent was yellowish gray 
before sulphur printing and black after one min. of treatment 
in 2 per cent sulphuric acid. The other constituent was laminated 
and probably was an iron-sulphide-manganese-sulphide eutectic. 
It should be noted that Wohrman’s photomicrographs indicate a 
ball was being formed, although he does not mention it. The sul- 
phur print of this specimen indicated excess sulphur in the metal 
around the ball, but none within the ball. 

















Fic. 27--Batt Squeezep rrom Core Sine or Castine Durtnc So.ipiricaTion. 
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77. The corrected iron-sulphide-manganese-sulphide (Fe. 
MnS) diagram as given by McCance, which Wohrman!” believes to 
be eorrect, shows the limit of solid solubility of manganese sulphide 
(MnS8S) and iron sulphide (FeS) at 60 per cent iron sulphide (FeS 
and 40 per cent manganese sulphide (MnS 


78. Chemical analyses of these balls showed an average of 


2.40 per cent carbon, 2.77 per cent silicon, 0.44 per cent manganese, 


ae 





Fic. 28—Torp—Siac Bounpary Arounp Batt 1n Execrric Furnace Cast Iron. Ercuep 

1 MIN. WITH 2 PER CENT SuLPHURIC Acip, X 100. Cast No. 20. SutpHur, 0.171 Per Cent, 

MANGANESE, 0.98 Per Cent. Fic. 29—Borrom—BaLt Formep 1x Execrric Cast Iron Gas 
Pocket, UNercnuep, X 160. Cast No, 20. 





\ SN nae eet ei ie 








ron HOLTBY AND R. L. DOWDELL 8341 








§ 1600 
U 
y 1500 





N\ 





o 

5 1400 i 

| 
L 

£1300 r4 


5 i200 ns 





\ 











1100 


Tempe 



































1000 
FeS 10 20 30 40 50 60 70 80 90 MnS 
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0.03 per cent sulphur and 0.24 per cent phosphorus. These analyses 
would indicate that the balls, upon forming, changed the analyses 
is compared to the mother metal. This change in analyses being: 
‘carbon and manganese decreased 33 per cent; sulphur decreased 
90 per cent; and phosphorus increased 100 per cent. The analyses 
indicated no change in the silicon content. Some of the balls upon 
being hammered were found to be more malleable than the mother 


metal. 


Hypothesis on Formation of Balls of Metal in Gas Pockets 


79. The formation of these balls and gas pockets seemed to 
be caused by the manganese sulphide as they were not found in 
castings which did not contain manganese sulphide. An hypothesis 


might be suggested to explain their occurrence. 


80. Hypothesis: Manganese sulphide acts as a flux or a 


purifier which cleanses the metal of gas and forms the shot. A 
clean bright ball of metal can form only when a fluxing action is 
present. The fluxing action would account for the lower carbon 
and sulphur analyses of the ball as compared to the mother metal. 
The manganese sulphide tends to increase the surface tension 
which accounts for squeezing of the balls from the surface of 
the metal. 
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81. This fluxing action of manganese sulphide may account 
for the common belief that sulphur causes blow holes in east iron, 
This, as shown in Fig. 30, indicates that the solidus temperature 
for manganese-sulphide-iron-sulphide (MnS-FeS) compounds con. 
taining over 60 per cent iron sulphide (FeS) is about 1160° 
(2120°F.) which is the same temperature at which dripping of the 
slag and metal from the thermocouple ceased. 


CONCLUSIONS 
82. The test results obtained from this investigation indi- 
cate that: 


1. There is a transition point at about 0.18 per cent sulphur 
where the properties of electric furnace cast iron change rapidly 


2. Up to about 0.18 per cent sulphur, an increase in sulphur 


will lower the transverse strength, tensile strength and hardness, 
and will increase the transverse deflection. 


3. Above about 0.18 per cent sulphur, an increase in sulphur 
will inerease the transverse strength, tensile strength, and hardness, 
and will decrease the transverse deflection. 


4. An increase in sulphur content will decrease the result- 
ing manganese analysis, the decrease being more rapid in iron 
containing more than 0.18 per cent sulphur. 


5. An increase in sulphur content will not affect the depth 
of chill if the manganese content is held constant. 


6. The flowability of the iron decreases very rapidly at 
about 0.18 per cent sulphur. Below and above this transition point 
an increase in sulphur will not change the flowability if the man- 
ganese is held constant. 


7. An increase in sulphur content up to 0.14 per cent will 
decrease the machinability of the cast iron. A further increase up 
to 0.18 per cent will increase the machinability. Above this transi- 
tion point, the machinability will decrease rapidly. 


8. An increase in sulphur content up to 0.14 per cent will 
increase the contraction of the cast iron. A further increase up to 
0.18 per cent will decrease the contraction. Above this transition 
point, the contraction will again increase. 
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g An inerease in sulphur over about 0.18 per cent will tend 
to produce blow holes or gas pockets in electric furnace cast iron. 


10. An increase in manganese content will increase tensile 
strength, transverse strength, hardness, depth of chill and will de- 
rease transverse deflection and machinability. 


11. Sulphur, up to about 0.18 per cent in electric furnace cast 
ron of the compositions used in this investigation, is not very 
detrimental to the properties of the iron. 
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DISCUSSION 
Presiding: G. P. PHILLIPS, International Harvester Co., Chicago, IIl 


Mr. Hottsy: I do not know whether any of you gentlemen would 
do what we have tried in the last three weeks. We are actually adding 
sulphur to our cast iron now to increase machinability in the machine 
shop to keep them from saying the castings are too hard. That has been 
in practice now for three weeks at the University. 


W. H. SPENCER!: Have you tried the effect of manganese balance 
with the sulphur in your work? That is just a suggestion there. | 
noticed you had about 0.82 per cent manganese with your 0.18 per cent 
sulphur, which is approximately four times the sulphur. Some work 
has been done which has not been reported along that line of holding 
the sulphur constant and varying the amount of manganese. Starting 
with a ratio of 3.5 of manganese to sulphur, if the manganese is in- 


creased hardness will result, if it is decreased softness will result 
When you drop below the manganese ratio, you get hardness again. 


Have you planned to vary the manganese? 


Mr. Houtsy: In some of our later work done in the last year we 
have tried that. We cross-plotted our curves taking certain sulphur 


‘Manager Foundry Div., Wilkening Mfg. Co., Philadelphia, Pa. 
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nts and catching certain manganese points. We found that manga- 
se does increase the tensile strength of the cast iron. 


We have run some tests to check this work where we have taken 
{1 multiplied the sulphur analysis by 1.7 and added 0.35 per cent 
anganese. That figure has been used in Minnesota for a long while 

eing a typical manganese analysis. In other words, 1.7 times sul- 
ir plus 35 points as a safety factor. 


We have found the same condition occurred; that manganese was 
uld be considered as a hardener to increase the tensile strength. 
iiphur acted about the same way as Mr. Spencer has said. If we 
wer manganese too far, the sulphur is going to take up all the manga- 
ese as manganese sulphide, the theoretical ratio there being 1.7 to 1 
we again consider that the sulphur did start to act as a hardener. 


G. F. ComstockK?: I am interested in the photomicrographs showing 
effect of changes in sulphur on graphitization. I wonder if the 
author found it generally to be the case that increasing sulphur tended 
to change the graphite from the eutectic form, as shown in Fig. 18, 
the coarse flake form as shown in Fig. 19. 


Mr. Hoirsy: Yes. These are just typical photomicrographs that 
we tried to show, typical structures which in some cases, especially Figs. 
20 and 21, I believe are quite unusual. The structure of Fig. 18 is 
fairly typical. 


Mr. Comstock: The statement in your paper which seems to require 
further explanation is paragraph 67. In Fig. 15, as well as Fig. 11, the 
curves for hardness and machining time could be drawn so as to be 
practically parallel with the single exception of the first point referring 
to the very low sulphur iron. The reason for the discrepancy in that 
iron is very logically given in your Fig. 18 where it is shown that with 
very low sulphur, the type of graphite is different. We found this same 
effect of sulphur in some of our work, namely, that it tends to change 
the fine eutectic graphite into a normal flake form. This effect of sul- 
phur on the graphite structure was first described by Alfred Boyles in 
1937.* We also found that with the fine eutectic graphite machinability 
is much better, although hardness may be greater. Your results, there- 
fore, check our experience in a very interesting way but it does not 
appear from your paper that these points were appreciated. 


Mr. Hoitsy: We feel that first point would indicate a little higher 
hardness due to the fact that there must be more free manganese acting 
in the form of manganese carbide to harden up the iron. Why that 
machines so readily as compared to the same iron with 0.10 or 0.11 per 
cent sulphur we do not know. 


Those curves have been checked. We have run triplicate heats on 
every one of them and as the curves are illustrated, they are just 


Metallurgist, Titanium Alloy Mfg. Co., Niagara Falls, N. Y. 
‘Freezing of Cast Iron.” A. I. M. E.. No. 809, (1987). 
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one series. We have no explanation as to why machinability was s 
much better at that point. 


One thing I would like to call attention to, is that the contraction 
curve and the machinability curve are similar in shape, Figs. 10 and 11, 
In other words, at certain points where contraction was more, machin- 
ing time went up very rapidly and vice versa. 


At the present time, we are running a series of tests trying to 
correlate the difference between machining time as tested by this method 
and actual contraction of the cast iron. 


There may be some question raised as to our method of measuring 
machinability, but as I mentioned, it is an inexpensive method and can 
readily be set up as compared to a $5,000 machine which is sometimes 
used for machinability tests. 


CHAIRMAN PHILLIPS: I find that the deflection curves are of real 
interest—the fact that you get increasing deflection up to at least 0.30 
or 0.35 per cent sulphur. 


I noticed that in some cases in which the bars were defective, you 
were not able to continue the curves, but the fact that deflection in- 
creases up to 0.30 per cent with apparently no change in the transverse 
strength, would indicate that impact resistances improve, too. That is 
something on which I presume you did not do any actual testing. 


Mr, HouttsBy: At the present time the impact bars are being ma- 
chined. It is a long, tedious process to grind all these down. There 
are approximately 1,500 test bars that will have to be ground down for 
the complete series. No impacts have been run at the present time, but 
we are running our impacts primarily because of that curve. 


Those bars shown as defective on the curve sheets, were discarded 
because there were so many round shot rolling out of the casting that 
we could not figure out what the cross-section area of the bar was, so 
we scrapped them rather than try to give any data on the transverse 
strength. 


There was only one of all our tensile bars that failed due to shot, 
and that was the fact that it broke in the thread of the testing machine. 
In other words, all these shot occur at about an eighth of an inch from 
the surface, so after the tensile test bars were machined, they were fre¢ 


from shot. 




















Crucible Melting with Modern Gas Burners 


By F. L. Wour*, MANSFIELD, OHIO. 


Abstract 


Operating results are presented for an insulated, 
stationary, No. 60 crucible furnace using natural gas and 
melting a variety of non-ferrous alloys. Modern burner 
equipment allows a considerable saving in gas, with 
greater melting speed and increased crucible life. A truly 
neutral atmosphere is obtained without requiring any skill 
on the part of the operator.The flame temperature is 
higher and the service is severe on refractories even 
though they are of the super-duty type. 


1. At the 1939 A.F.A. convention in Cincinnati, a paper’ 
was presented covering the fundamentals which apply to crucible 
melting. The writer has had the opportunity to review the paper 
by E. W. Williams’, which covers the subject more thoroughly than 
is intended in this instance. 


2. The present paper is intended to report some preliminary 
tests on a modern and efficiently-insulated, stationary, crucible 
furnace (No. 60 crucible) and to deal very briefly with a users 
reaction, after a limited experience, with this type of equipment. 
Various non-ferrous alloys were melted. 


Furnace Lining 


a 


3. The lining used consisted of 3-in. of a preformed and pre- 
fired facing of a sillimanite material backed with 31,-in. of a light- 
weight concrete—an air setting refractory concrete, good up to 


* Technical Director, Ohio Brass Co. 

‘ Eggleston, G. K., “Efficiency in Crucible Melting,’ Transactions, American Foun 
drymen's Association, vol. 47, pp. 450-468 (19389). 

Williams, E. W., “Improvements in Gas Melting Furnaces in the Non-Ferrous 
Foundry,” A.F.A. Preprint 40-17 (1940). 

Nore: This paper was presented at a Non-Ferrous Session of the 44th A.F.A. 
Convention, May 7, 1940, Chicago, I). 
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avout 2100°F n which the grog was granules of light-weight 
refractory. The furnace was further insulated with %4-in. of as- 


bestos cement between the shell and the imsulatine concrete. 


4. The furnace bottom was rammed in place and was not as 
satisfactory as we feel a prefired block would be. Covers and base 
blocks, or stools, were of firebrick, but it appears that firebrick is 


not good enough for the lining of such a unit 


5. In view of the popularity of silicon-carbide linings, the 
next installation is to be of this material backed with 4%-in. of 


light-weight refractory insulation rated for 2600°F. 


Burne rs 


6 The burner equipment is like that described by Williams’, 
Two burners are employed, as will be seen from Fig. 1, and the 
enter line of the burners is at the junction of crucible and base 
block. The alloy tips at the mouth of the burners are drilled to 
lrs-in. diameter. The two governors or reducers, may be seen in 
Fig. 1. The first reduces the gas pressure from 8 to 4 oz. and the 
second reduces the pressure to zero. Since the gas is billed at 8 oz. 
pressure, the meter reading (at 8 oz.) is used without correction to 
zero pressure The gas has a ealorifiec value of 1000 B.t. u. per 
eubie foot 


7. The ‘inspirator-type, proportional mixer was furnished 


with several orifices (or gas ports). The orifice adopted after 


some experimentation was %<-in. in diameter. 


8. Air at 16 oz. pressure is supplied by a turbine. There are 
valves for controlling both air and gas but in practice, the gas 
valve is wide open and the heat input is regulated with the air 


valve. Generally, both valves are wide open. 


Combustion Space 


9. Since a standard No. 60 crucible is 11-in. at the bilge, 
the lining was made 15-in. inside, which was the minimum diameter 
which would allow the introduction of the lifting tongs when a 
new crucible was used in the new furnace. The resultant combus- 
tion space was 14}-in. at the smallest point. The lining wore 14-in 


ali around in the period during which records are available. 


— 
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Fic. 1—Tor—Front Vrew anv Botrom—Reak View or Burner EquirpMENT Usep 
ON FURNACE. 





Analysis of Atmosphere 

10. Gas analyses made with the Orsat apparatus shows that a 
truly neutral atmosphere may be obtained with the new burners, as 
shown in Table 1. 








— 
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Table 1 
ANALYSES OF FURNACE ATMOSPHERE 


Pressure of 


Burners Gas Analysis, Per Cent 
Furnace Determinations In. of Water CO, CO oe 
New l 814 12.3 none none 
2 84 11.9 none none 
3 6 11.9 me none 
4 4 10.6 38 1.0 
Old 1 9.3 9 3.0 
*2 8.6 1.0 44 


* Deliberately ‘oxidizing 


ll. The percent of carbon dioxide is lower than is obtained 
when coal is burned efficiently in a boiler; this is because the 
products of the combustion of natural gas are not all gaseous but 
consist of carbon dioxide and water, while coal contains much 
earbon which burns to-carbon dioxide. 


12. For the combustion of pure carbon, we have the reaction 
C+0. = CO, 
1 volume 1 volume 
If air is 20 per cent oxygen, the oxygen carries with it 4 volumes of 
nitrogen and we also have 4 volumes of nitrogen in the flue gas 
Thus it would be possible to have the same percentage of carbon 
dioxide in the flue gas as we had oxygen in the air, namely, 20 
per cent carbon dioxide. 


13. If we assume natural gas to be 100 per cent methane 
(which lacks 15 per cent of being strictly true), the combustion 
may be expressed by the equation: 

CH, + 20. = CO, + 2H:0 
1 volume 2 volumes 1 volume 
In this case, the oxygen is accompanied by 8 volumes of nitrogen 
as is the CO» in the flue gas. One volume (of CO.) out of a total of 
9 in the flue gas gives 11.1 per cent CO2 which checks (probably 
too closely) with what was obtained by analysis. 


Neutral Atmosphere 


14. The gas analyses shows that we have a neutral atmos- 
phere with the new burners and a slightly oxidizing atmosphere, 
to give the most rapid melting, with the old burner. It was found 
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1t the neutral atmosphere was all right for melting an aluminum 
nze which heretofore had given best results when a slightly 
xidizing atmosphere was used. Incidentally, when the slag was 
ished back the metal was seen to have a shiny appearance under 
ieutral atmosphere. 


Gas Consumption 


15. Under the most favorable conditions, the equipment has 
melted 150 lb., pouring temperature 2080°F., in 27 min. The gas 
consumption was 270 cu. ft. or at the rate of 180 eu. ft. per 100 lb. 


f metal. 


16. The furnace was favored for several days in order that 
t might be run at maximum efficiency, but the unit was run under 
conditions of foundry operation during the greater part of the 
time during which the data in Table 2 were obtained. 


Tabie 2 


DATA ON FURNACE OPERATION 


NS a kts mal a anre bees wl yee ares ee 414 
Average Chatee por Henk, TB. ....cccciceccccsicccc. 135 
eis ocivaw ate aw pelea aealeen ae + 2150 
i SR eta eae dad ne as Nie kha ae ae AS we ee 55,869 
ee ee eee 167,880 
te Te re 300 


17. There would have been further data on gas used but, 
after the burner tunnels partially failed, the furnace was used 
less than formerly and a considerable quantity (about half of 
the total) of tin and lead was melted for casting into small pigs 
to make weights. It is difficult to evaluate the gas required for 
the white metals. 


18. The gas consumption has been equaled with the old 
equipment under favorable, or ‘‘furnace test,’’ conditions but the 
new burners will allow this low gas consumption under foundry 
operating conditions. 


OPERATING NOTES 


19. It was immediately noticed that the new equipment made 
much less noise than the old single burner units. This is entirely 
reasonable in view of the fact the velocity is much less as we 
have two flames instead of one. 
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Fal 
au 


20. The new lining, being better insulated than the o 
which consisted of 4%-in. of fire brick backed with 1-in. of sil-o-ce! 
powder, would be expected to keep the steel shell much cooler 
Such was found to be the case but the shell, though measurably 
cooler than on the old furnaces, was too hot to allow any but the 
briefest contact of the hand with it. 


21. The insulating value obviously was superior with the new 
unit but the temperature gradient also was much steeper. With 
the old furnace, it is possible to distinguish objects on the furnac 

bottom immediately after pulling a crucible, but with the new unit 
the furnace was at such a dazzling white heat that objects could 
not be distinguished with the naked eye. No actual figures are 
available, but the temperatures are high. 

22. The high flame temperature is probably responsible fo 
the faster melting which characterizes the equipment. The same 
speed should be attainable with poor utilization of heat as with 
a more economical set-up, provided the flame temperatures are the 

; same, if the input can be made sufficiently high to offset the heat 
: losses. It takes a superior refractory to stand this service and, 
compared to the old units. the service is severe. Trouble was en- 

countered with the burner tunnels, particularly. 


23. One important factor is that once set, the furnace will 


operate with an absolutely neutral atmosphere without any regula 
tion or adjustment. 


24. The melting speed of the new equipment is greater than 
that of the old, but the difference is not so great as is the case with 
the gas consumption. It will be noted that the average charge per 
heat is low, showing many sub-capacity heats. Conservatively, an 


extra heat a day may be expected. 


25. Crueible life is benefited materially, but just what the 

final percentage increase will be, is difficult to say at this writing 

The crucible units are not used as steadily as in former days and 

: the average crucible life is considerably below what it was when 


the crucible furnaces were being pushed each day. 
CONCLUSIONS 


26. Use of modern gas burners gives a quietly-operating, 
stationary, crucible furnace in which perfect combustion and 











ba 
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a truly neutral atmosphere is attained. The flame temperature 
is high and the service is severe even for super-duty refractories. 
Ordinary fire clay will not stand up. 

27. As a result of perfect combustion and good insulation, 
attractive gas savings are possible. Figures as low as 180 eu. ft. 
per 100 lb. of metal are obtained for the No. 60 crucible charged 
with 150 lb., under the most favorable conditions. Under produc- 
tion conditions, the gas consumption averages 300 cu. ft. per 100 Ib. 


28. While the gas savings is the most important factor, melt- 
ing is faster, to the extent of an extra heat a day, and crucible 


life is improved. 


29. Flame control is perfect without adjustment by the fur- 


nace tender, as control is vested in one valve. 


DISCUSSION 


In the absence of the author, this paper was presented 
by R. W. Parsons, Ohio Brass Co., Mansfield, Ohio. 


Presiding: W. J. LAIRD, Westinghouse Electric and Manufacturing Co., 
East Pittsburgh, Pa. 


W. B. Greorce!: Mr. Parsons, you made reference to the loss of 2 
per cent zinc in a neutral atmosphere. You thought there was some 
oxidizing condition going on. Is that correct? 


Mr. PARSONS: We had a loss of 2 per cent zinc in a CO, atmosphere 
which most definitely is not neutral—if it were, it would not oxidize zinc. 
In several places, the paper mentions that a neutral atmosphere was ob- 
tained whereas, actually, perfect combustion was obtained instead. 


W. B. GrorGe: Zine can be lost in any atmosphere by distillation. 


Mr. Parsons: Certainly, but if you are trying to make 85-5-5-5 


you compensate for such distillation losses so that you will obtain 5 per 
cent zinc. The experiment mentioned was conducted under operating 
conditions with compensation made for any normal loss, and with a CO, 
atmosphere maintained over the metal for the entire day, there was an 
additional 2 per cent loss in zinc—the alloy having 2 per cent less zinc 
than usual. (The atmosphere was maintained in a low-frequency induc- 
tion furnace which normally operates without being influenced by prod- 
ucts of combustion since the heating is electric.) 


W. B. GrorGe: Can the loss due to the atmosphere and not distilla- 
tion be explained? 


‘Metallurgical Engineer, R. Lavin & Sons, Chicago. 
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Mr. PARSONS: You get the distillation right along, whether th: 
atmosphere be one consisting of CO. or otherwise. The loss was over and 
above the normal loss for which we compensated. 


W. B. GEorGE: Will you explain how it is lost if not by distillation? 


Mr. PARSONS: The loss was caused by the oxidizing effect of the 
carbon dioxide on the zinc. When you use a zinc reductor in the chemica] 
laboratory the (iron) oxides are reduced; the same thing happens in 
this case, zinc reduces CO, or, putting it another way, CO, oxidizes zinc 
The test was under operating conditions and there were no differences, 
such as temperatures, other than the CO, atmosphere on one furnace 
The makers of CO, gas have tried maintaining CO, atmospheres over 
galvanizing kettles with the same results—loss of zine through oxidation 
by the CO, gas. 


CHAIRMAN LAIRD: I can appreciate that it would be very difficult to 
tell in zine losses whether zinc was lost by distillation or by oxidation 
How did you determine whether the 2 per cent was lost by distillation or 
by oxidation? 


Mr. Parsons: It should distill just as well with CO, or without it 
I cannot conceive of the presence of CO. making it distill any better. 


CHAIRMAN LAIRD: The author compensated for the normal losses he 
would have suffered in normal melting, but in this particular case, with 
a blanket of CO, the losses were 2 per cent greater than the normal 
volatization. Would not there be some justification for believing that th 
losses were due to oxidation rather than to volatization? 


Mr. PARSONS: A great deal of work has been done to show that CO, 
is definitely oxidizing in the heat treatment of steel, it should be just as 
oxidizing over molten brass as in a heat-treating furnace. If the CO, 
atmosphere were dry, the oxidation might not be so pronounced, but in a 
gas-fired, heat-treating furnace, the atmosphere is not dry and the steel 
is scaled by the carbon dioxide gas. 


W. B. GeorGe: The atmosphere over the bath doesn’t affect the metal 
but little with proper coverage. 


H. J. Roast?: Mr. Chairman, I’d like to say that it seems such a 
very obvious thing that if you have a constant condition and all you do 
is add CO, atmosphere and it increases the loss 2 per cent, then it is clear 
indication that with this CO, vapor, something of zinc is lost. 


Personally I quite agree with the oxidation theory, but in. any case 
more was lost with CO, .than without. 


Vice President. Canadian Bronze Co.. Ltd., Montreal, Que., Canada. 














as 


‘ontact under load, are potentially subject to seizure. Seizure is due 
to local temperatures and pressures becoming so high that there is 
1 momentary failure of the oil film, and particles of material are 
ictually welded to the contacting surfaces. 


Measuring the Tendency of Some Cast Irons 
to Seize Under Sliding Friction 


By A. H. DrerKert, BERNARD FRiEpD*, anp H. H. Dawson*, 
CoLumBus, O. 


Abstract 

Seizure of cast iron in lubricated systems is due to local 
temperatures and pressures becoming so high that there 
is a momentary failure of the oil film, and particles of the 
contacting materials are actually welded together. At the 
Ohio State University’s laboratory, tests were conducted 
for measuring resistance to seizure of metal surfaces in 
sliding contact, in terms of the pressure between the sur- 
faces at seizure. The test is run by sliding a specimen, to 
which a load is applied, against a fixed block. Motion is 
imparted to the specimen through the arm of a shaping 
machine. The testing apparatus is described and illus- 
trated in detail, The testing procedure followed in making 
tests with this machine is also explained and gives valu- 
able data on both curved and flat surfaced specimens 
which were used in this investigation. The results show 
that, although no correlation between seizure resistance 
and microstructure has been made, large amvunts of car- 
bides or ferrite are not desirable in specimens; also since 
no relationship between Brinell hardness and the tendency 
of materials to size has been found, seizure is not likely to 
be avoided by using harder materials. 


INTRODUCTION 


1. Metal surfaces which operate against each other, in sliding 


2. The desirability of developing a test to rate material in 


he order of their resistance to seizure has been generally recog- 
zed, and a number of tests have been designed for this purpose. 


: 


, Research Engineer, Engineering Experiment Station, Ohio State University. 
Research Staff, Engineering Experiment Station, Ohio State University. 

Nore: Presented before the Gray Iron Session, 44th Annual A. F. A. Convention, 

cago, Ill. May 16, 1940. 
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Practically all tests are conducted under conditions of either com. 
plete (flooded) lubrication or no lubrication between the contacting 
surfaces. In the majority of cases, ratings of the materials are based 
on the length of operating time under a fixed load, before seizure 
occurs 

3. However, recent research work on lubrication problems'* 
has clearly demonstrated that before metal to metal contact (whic 
precedes seizure) occurs, there is a very marked change in the na. 
ture of the lubrication between the mating surfaces. There is 
transition from a state of complete lubrication to one of boundary 
lubrication, and it is only after rupture of the thin film of oil, which 
characterizes boundary lubrication, that seizure oceurs. The differ. 
ence between the two states of lubrication is so great that a discon- 
tinuity between them is suggested. In boundary lubrication, sur. 
faces have the property of static friction and the frictional resis. 
tance varies inversely with the viscosity of the lubricant, while in 
complete lubrication there is no statie friction and the frictiona 
resistance varies directly with the viscosity of the lubricant. It 
seemed advisable, therefore, to conduct these tests under conditions 
of boundary lubrication and dispense with the camouflage of com- 
plete lubrication which could at best only complicate the problem 


unnecessarily. 


1. The alternative of conducting tests without any Iubrica- 
tion was discarded due to the fact that lubricants produce changes 
in the metal surfaces and their surface properties; hence, an unlu- 
bricated surface is not representative of surfaces used in actual 
operating practice. Finally, the success obtained in resisting seizure 
by using extreme pressure lubricants would indicate that a rating 
of materials with respect to their resistance to seizure might more 
logically be based on the pressure between the surfaces at seizure, 
rather than on their length of operation under a fixed load. Jominy” 
showed the difficulty encountered in trying to duplicate results ob- 
tained in wear tests using a constant load. In this investigation a 
short series of tests were run at the laboratory using a constant 
load. Identical difficulties arose, and so it was not considered likely 
that a correlation between seizure resistance and length of operat- 
ing time under a fixed load, could be made with any degree of 


confidence. 


** Superior numbers refer to Bibliography at end of paper. 
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5. A test has been developed in the laboratory for measuring 
resistance to seizure of metal surfaces in sliding contact, in terms 
f the pressure between the surfaces at seizure. The motion between 


the surfaces is of the reciprocating type. 


APPARATUS 


6. The test is run by sliding a specimen, to which a load is 


applied, against a fixed, stationary block, motion being imparted 


to the specimen through the arm of a shaping machine. Essentially 
the apparatus consists of the block, the specimen, the block fixture 
and the device for measuring the frictional forces, the specimen 
holder and the loading device, and the shaper. The advantage of 
using a shaper in the development stage of these tests is at once 
obvious. First it gives the same type of motion encountered in 
practice and secondly, for experimental purposes, its flexibility in 


regard to length of stroke and range of speeds is very desirable. 
Block Fixture and Friction Measuring Device 


7. This unit is illustrated in detail in Fig. 1. K is a frame 
casting which is clamped into the shaper vise. G, the block holder, 
rides on two rows of ball bearings and is held in position by the 
two heavy steel springs, H. The block, B, is held in G with set- 
screws. The dial, J, measures the deflection of the springs, H, dur- 
ing the operation of the test and measures the friction between the 


block and specimen. (These readings were taken only during the 








ame > Saaee 


Fic. 1—Scuematic DrawiNG or TESTING APPARATUS SHOWING IMPORTANT SECTIONS OF THE 

MACHINE. A—SPEcIMEN; B—Biock; C—SHarer Heap; D—Piston aNp SPECIMEN Ho.peR; 

K—Hyprautic Loapinc System; F—Appiiep Loap; G—Btiock Support; H—Sprino 
Cramps; J—Diat Gauce; anp K—Frame Castine, 
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FIG. 


Fiat SURFACED SPECIMEN (LEFT AND CYLINDRICAL SURFACED SPECIMEN (RIGHT 
CYLINDRICAL SPECIMEN (TOP) AFTER SEIZURE AND (BOTTOM) BEFORE SEIZURE. 


preliminary tests and since they had no immediate bearing on the 
results they were discontinued for the sake of convenience in run- 


ning the tests.) 


Loading Device and Specimen Holder 


8. Load pressing the specimen surface against the block is 
applied through a hydraulic system, E. The load is applied by 
adding weights to the piston, F, the load being transmitted throug! 
a pressure hose to a second piston, D, which rides in a housing. 
securely held in the clapper-box on the head of the shaper, C. The 
specimen, A, is held in piston D by a pair of set-screws, the fac 
opposite the specimen test surface fitting snugly against a 1-in. 
steel ball in the center of the piston. 


Specimens 


9. The flat specimens, Fig. 2, had surfaces 0.0468 sq. in. in 
area and were ground flat on a surface grinder. After the speci- 
mens were clamped into operating position these surfaces were 
polished, first with No. 320 carborundum cloth and then with 3/0 
emery paper. 

10. Curved specimens in the earlier tests were first machine 
finished in a lathe to 34-in. radii and then polished by hand with 
3/0 emery paper. After preliminary tests proved the advisability 
of using curved sliders in these tests, all specimen surfaces were 
ground to constant radius (%4-in.) on a cylinder grinder, Fig. 3. 
Care was taken to keep the longitudinal feed and depth of cut the 
same on all specimens. 
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CYLINDER GRINDER POR PREPARING SPECIMEN SURFACES 


Fic. 4—Svurrace Grinperk PoR PREPARING BLOCK SURFACES 
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The Block 


11. The blocks used were all about 1-in. square and 6-in. long 
All block surfaces, against which the specimens were tested, were 
prepared in the same way on a surface grinder, Fig. 4. The grind 
ine wheel was ‘‘dressed’’ before each finishing cut was taken and 
the rate of feed and depth of cut was kept constant. The complet 


apparatus all assembled and ready for operation is shown in Fig, 5 


PROCEDURE 


12. The block holder is clamped in the shaper vise and ad 
justed so that a dial gage, fastened to the shaper head and rw 
against the holder, indicates that it is level to within one halt 
thousandth of an in. (This is merely a routine check and adjust 


ments are practically never necessary.) The test block is now fas 





Fic. 5—PuorocrarPH oF ComMpLere TESTING APPARATUS. 
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into position and again checked with the dial, and adjusted 
it is level to within one half thousandth of an in. Next the 


‘imen is centered in the piston, with the aid of a centering gage, 


nd made level to the block surface. (When flat specimens were 


sed the specimen surface was next polished by running it on 


emery paper held flat against the block surface. 

13. The machine is set to give a 5-in. stroke and 37 strokes 
ner min. Oil is spread on the surface of the block and the speci- 
men surface is placed in contact with the block under zero load. 
After 20 strokes the load is increased to 30 lb. Five strokes are run 
at this load and the machine is then stopped. The excess oil is 
wiped from the block and specimen and the surfaces polished with 
a clean dry eloth so that only the boundary film of lubrication 
remains. Then the test is again started with a 30 lb. load between 
the surfaces and run for 1D strokes before the load is again in- 
creased. In our earlier tests the load was thereafter increased by 
30 lb. every 20 strokes. However, it seemed that greater accuracy 
would be obtained if the load was increased by smaller increments 
at more frequent intervals; hence, in our later tests the load was 
thereafter increased by 2.6 lbs. every 5 strokes. With each increase 
in load the deflection is read on the dial, thus giving us a measure 
of the frictional resistance for each load. The test is continued until 


seizure occurs. 


14. After a specimen has been run, the surface of contact 
appears as a well defined area which we can photograph, enlarge, 
and measure with a planimeter. The recorded load at seizure, 
divided by the measured area of contact, then gives the pressure 
between the tested surfaces in lb. per sq. in. at seizure. 


DISCUSSION OF RESULTS 


15. Early tests, which were run with flat specimens, were of 
a purely experimental nature and no attempt was made to rate 
materials on the basis of these results. However, some of the obser- 
vations made in these early tests are quite interesting and serve to 
throw more light on the validity of correlating seizure resistance 
with pressure at the seizure point. 

16. When tests were run using flat surfaced specimens the 
results showed little correlation between seizure resistance and 
total load. However, Bowden and Tabor* had demonstrated, that 
for flat surfaces in contact, the real area of contact, between the 
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surfaces, is but a small fraction of the apparent area. For a given 
pair of surfaces in contact, the real area of contact increased as the 
load was increased. In another series of tests, Bowden and Tabo: 
showed that when using curved surfaces (or a curved surface oy 
a flat) the apparent and real areas of contact were almost identica| 
in size. Henee, in order to measure the unit pressures at seizure, it 
is necessary to use curved specimen surfaces, since, only with suc: 
surfaces can the area of real contact be known with any degree of 
certainty. In the tests conducted at the laboratory, the ranges of 
the total load at seizure for the curved specimens were the same as 
for the flat specimens of the same material. This presumption was 
in accordance with Bowden and Tabor’s* observation that in sliding 
eontact, at a given load, a flat surface against a flat makes contact 


over the same area as a curved surface against a flat. 


17. This first phase of work had been primarily due to th: 
interest in developing the test method and technique. Irons selected 
for the tests were available in the laboratory and had certain defi- 
nite differences in composition. In the tests, which are reporte 
here, the specimen and block were of the same material in each test 
The results for 13 cast irons and one low carbon rolled steel are 
listed in Table 1. Block I, with specimens 17 and 18, and block J, 
with specimens 19 and 20, were commercial irons poured in heavy 
sections and cooled at a relatively slow rate. All the other east irons 
were poured from experimental electric furnace melts into blocks 


114-in. square and 18-in. long. 


18. The values listed for unit pressure, total load, and area of 
contact are averages of 6 or more independent tests.* Mean devia- 
tions from the average unit pressure for a given material is 5!. 
per cent. A large portion of the deviations can be directly attributed 
to errors in measuring the area of contact and, as will be pointed 
out later, to the heterogeneous structure of some of the irons. Allow- 
ing for such errors, these results indicate that the unit pressure at 
seizure is essentially constant for a given material. However, the 
deviations from the average value of the total load for a given ma- 
terial, due to variations in area of contact, is 12144 per cent. This 
deviation cannot be explained very easily, and are obliged to con- 
clude that at most the connection between seizure resistance and 
load is an indirect one. 


*In the following discussion the term “unit pressure” is used to indicate the 
pressure, in lb. per sq. in., between the surfaces of contact while the term “total load 
refers to the lb. load applied to the top of the specimen. 
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Loap CARRYING CAPACITY 


19. The load carrying capacity of a material depends on two 
apparently independent characteristics, (1) the characteristic seiz- 
ure pressure of the material and (2) the characteristic of the 


material which shall be called, for lack of a better term. ‘‘plia 


1 


bility.’ This term means abil f 


ity of the material to give contact 
over a large area. This second factor clearly depends on the elastic 
and plastic properties of the material as well as its wear resistance. 


] 


Since materials which have poor wear resistance are not used in 


parts which operate in sliding contact, the pliability of the surface 
of materials which are usable, will depend largely on their mechani- 
eal properties. The seizure resistance for the various materials rated 
according to their unit pressures at seizure, are illustrated graph- 
ically in Big. 6. In agreement with field experience these experi- 
ments show the high seizure resistant qualities of the cast irons 


over the stee However, it should be pointed out that these tests 
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Fic, 6—Cuart ILLustraTinG CHARACTERISTIC SEIZURE PRESSURES FoR 13 Cast IRONS AND ONE 
Low Carson Ro_iep STEgL. 
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are quite limited, showing only one type of steel and only a few 
of the cast irons. Also, this is a rather arbitrary basis of rating the 
materials, and all it is hoped to show from these preliminary tests 
is that there is a definite characteristic unit pressure at seizure 
which is different for different materials. 


DEFORMATION PLASTIC OR ELASTIC? 


20. In order to visualize more clearly what is taking place 
physically when the load between the surfaces is increased and a 
larger area of contact results, we should know whether the defor- 
mation is elastic or plastic. Hertz derived an expression for the 
contact radius of the circle for a sphere of radius, r, resting on a 
flat plate under an applied load, W. Assuming that the sphere and 
plane have the same elastic modulus, E, the radius, a, of the circle 
of contact is given by the expression : 

(1.) a= 1.109 */*"— K, W* 
However, for purely plastic deformation the equation reads: 

(2.) W=_—-ra‘f 
where f= maximum pressure before flow. Obtained then, from 
equation (2): 


‘a w > ee 
(3.) a= Y—= K, W* 
wt 


21. Thus for purely elastic deformation, the area of contact 
varies as the 2/3 power of the load, while for purely plastic de- 
formation the area of contact varies directly as the load. 
Experiments*® indicate that equation (3) more nearly represents 
the observable facts, although, the results are not as conclusive 
as one would like them to be. 


Table 2 
RESULTS FOR SPECIMEN No. 1 on BuocK A 


Pressure Area of Contact Load 

(lb. per sq. in.) (sq. in.) (1b.) 

12820 0.0105 134.9 

12620 0.0078 98.5 

12600 0.0101 127.1 

12680 0.0095 120.2 

22. As mentioned previously, an explanation of the rather 
large variation in area of contact developed on different runs of 
the same material (Table 2) cannot be given. These differences 
in area of contact, in turn, cause large variations in the total load 
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at failure (since the pressure at seizure is constant). Further along 
in this study, an explanation for this phenomena is hoped to be 
found. 

23 Microscopic examination revealed, in some Cases, wide 
differences in structure in various parts of the same specimen 


or in two specimens from the same iron. This, in fact, explains 
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vhy in one or two cases widely different results between two dif- 
ferent specimens of the same iron were obtained. This lack of 
iniformity in microstrueture can be observed in Figs. 7 and 8 
Clearly, the microstructure of the metal which can effect seizure is 
that of the surfaces which are actually in contact, and where the 
structure of the metal is not uniform, the nature of these surfaces 
‘an vary. Under such conditions a difference in results of the seizure 
tests would be expected. 


24. Although not yet in position to make a correlation be- 
tween seizure resistance and microstructure, the experiments to 
late indicate that large amounts of carbides or ferrite are not 
lesirable. At the same time being unable to find any relationship 
tween Brinell hardness and the tendency of materials to seize, 


it is unlikely that trouble due to seizure can be avoided by using 
larder materials. 
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DISCUSSION 


Presiding: H. BORNSTEIN, Deere & Co., Moline, III. 


A. L. BOEGEHOLD!: We think that resistance to scoring is more im- 
portant in a great many cases than the resistance to wear. I would like 
to call attention to just one point, and that is the finish on specimens. We 
have found that by preparing the samples with exactly the same grind- 
ing wheel and exactly the same feeds and speeds, we cannot always 
duplicate the surface conditions, and, consequently, we get differences 
in the score test results. We have had to resort to the use of the 
profilometer to be sure that all samples are the same degree of roughness. 
We have held our samples within the limits of 10 to 15 micro-inches. 


Dr. C. H. Loric*: Were the blocks and specimens of the same 
material? 


Mr. FRIED: Yes, each specimen-block combination was of the same 
material, 


Dr. Loricg: Was any attempt made to remove the debris which 
formed during the operation? 


Mr. FRIED: Yes. In our tests, some of the materials tested had 
rather poor resistance to wear and, during the operation, a powder-like 
material was rubbed from the bearing surfaces and deposited at the 
ends of the stroke. As the specimen moved inward from these optimum 
stroke positions, this “wear powder” was wiped away from the section 
of block surface in contact with the specimen with a clean dry cloth. 
We feel quite sure that scoring was not due to the wear powder coming 
between the contacting surfaces. 


Dr. Loric: I also agree with Mr. Boegehold that the surface of the 
specimens under test is a very important factor. We have discarded 
surface grinding and have gone to lapping to get comparable surfaces 
for test. By being more careful about surfaces, it has improved the 
results of our work on seizure. 


Mr. FRIED: The excellent reproducibility of our results would indi- 
cate that in a series of tests run with a given material, the surface 
finish on the specimen and block was essentially the same in each test of 
the series. If we had used lapped surfaces in our tests instead of ground 
surfaces, it is quite doubtful whether our accuracy with regard to 
reproducibility of results would be significantly improved. However, 
R. W. Dayton* has found in his tests that the ratings of materials with 
regard to wear resistance are different when the specimen surfaces are 


ground finished than when the surfaces are polished, and it is possible 
that using lapped surfaces in our tests rather than ground surfaces 
that the ratings of materials as given above will be different. 


* Metallurgist, General Motors Corp., Detroit, Mich. 
? Metallurgist, Battelle Memorial Institute, Columbus, 0O. 
* MeTats aND Atioys, vol. 9, December 1939, p. 3822 





Coatings for Wood Patterns 


By FRANK C. CecH* AND VINCENT J. SEDLON**, CLEVELAND, OHIO 





Abstract 

For some years, the matter of pattern coatings has been 
a question which has been discussed at some length but 
with little satisfaction. In response to a request, the authors 
made a survey of the various coatings used in industry, 
their methods of application, preparation, materials and 
pigments used, solvents, etc. One questionnaire was sent 
to a large number of paint and varnish manufacturers 
and distributors, and another to manufacturers of wood 
patterns, asking their preference, and reasons for the 
preference, in coatings. Results of the survey show that 
(1) three out of four prefer flake to cut shellac, (2) 
shellac flakes are “cut” by covering with solvent over- 
night, stirred the next morning and thinned out to proper 
consistency, (3) grain alcohol is little used as a solvent, 
(4) patented solvents are replacing weod alcohol rap- 
idly (5) black extract is superseding lampblack as a pig- 
ment, (6) vermilion red is a two to one favorite over 
other shades, (7) yellow pigment is little used, (8) alumi- 
num powder, mixed with shellac or varnish, is gaining 
favor, (9) oxalic acid should not be used as a clearer for 
high grade shellac, (10) rubber-set brushes with rubber 
binding are favored, (11) crockery shellac containers are 
favored, (12) future pattern coating will probably consist 
of a shellac priming coat followed with a lacquer top 
coat, (13) pattern spraying is impractical, (14) a ma- 
jority of patternmakers prefer A.F.A. standard pattern 
colors, and (15) pattern purchasers should specify the 
number of castings to be made from the pattern when 





ordering it. 
PREFACE 
1. In considering certain activities of the Patternmaking 
Committee of the American Foundrymen’s Association, a sugges- 


tion was made to the writers that a survey of materials and methods 


* Instructor in Patternmaking, Cleveland Trade School. 

** Master Pattern Co 

Nore: This paper was presented at a Patternmaking Session at the 44th A.F.A. 
Convention, May 7, 1940, Chicago, II. 
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for coating wood patterns would be of interest to many. The 
writers were invited to make such a survey and report at the 1940 
annual meeting 


2. As an apprentice, the writer recalled experimentation in 
the use of paints and enamels as pattern coatings. Shellac had 
always been a favorite. Later experimentation produced Duco and 
it was duly tried on patterns. It failed to penetrate wood and 
produced a coating that peeled or cracked off and did not wear well 


» 


3. During the World War, shellac was hard to get, and rose 
to a price that almost prohibited its use for pattern work. Con 
sequently, a varnish was developed that dried fairly well in about 
2 hr. It was difficult to sandpaper as it was tacky and accumulated 
in resinous streaks, much as shellac does when sandpapered before 


it has had sufficient time to dry thoroughly. Its use was short lived 


4+. Then along came lacquer. It has been used with more or 
less success, but its use on patterns has not been as extensive as 


will be necessary before passing final judgment on it. 


5. The pattern industry is skeptical of using any materia 


but shellac and those concerned are loath to try substitutes 


INTRODUCTION 


6. The Pattern Manufacturers of the Associated Industries 
of Cleveland hold meetings at which time similar problems are 
discussed. It occurred that interest would be more widespread 
if their cooperation was secured. The question was brought up at 
one of their regular meetings; it drew considerable interest and 


their chairman, V. J. Sedlon, signified his eagerness to cooperate 


7. The paper is consequently presented as a joint under- 
taking. No claims are made for it. The reader is invited to peruse 


its contents and pass such comments as he feels will enrich the 


subject, thereby proving a benefit to the industry as a whole 


OBJECTIVES 
The objectives of this paper are as follows: 


1. To secure such information as ean best be given by a 
manufacturer or distributor of shellaes or varnishes that might 


be used as a pattern coating material. 
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2. To present results of applying wood pattern coating 
materials submitted for a trial or test. 

3. To secure information pertaining to materials actually 
used by the pattern industry in coating wood patterns under 
lverage pattern shop conditions. 

4. To summarize all information gathered from the ques- 
tionnaires, make it available to all, including the interested 
layman having no patternmaking experience. 

5. To draw a econelusion that might be used in recom- 
mending standards to be used in specifying as well as manu- 


facturing wood patterns. 


PROCEDURE 
Questionnaires were prepared : 
a. for the manufacturer and distributor of shellac and 
varnishes. 
b. for the patternmaker or person actually engaged in 


applying the pattern coatings. 


The questions were of a type easily answered but permitting elab- 


ration where necessary. 


10. Lists were compiled of patternmakers, foundrymen, and 
‘thers in the field who might be interested in wood pattern coatings 
from the registered attendance of A.F.A. conventions. Later addi- 
tions included A.F.A. chapters and suggested paint and varnish 


anufacturers throughout the country. 


RESULTS OF QUESTIONNAIRES TO MANUFACTURERS OF 
PATTERN COATINGS 

11. Questionnaires were mailed to 78 shellac, paint, varnish, 

acquer, and aluminum pigment manufacturers and distributors 

ind individuals who were in a position to contribute reliable in- 

formation. They represented nine states and ten cities throughout 

the country. Of the 78 questionnaires sent out, 17, or approxi- 


nately 20 per cent, were answered. 
12. The following are excerpts from letters received as an- 
swers to some of the questionnaires: 


1. We do not handle pattern coatings. 
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2. Wedo not believe we have ever been asked to furnish 
special products for pattern coatings and believe shellac jis 
almost universally used. 

3. We regret we cannot give you any reliable information, 

+. We do not manufacture pattern coatings and cannot 
furnish any data. 

5. We do not have any data on pattern coatings. 

6. We have never found a creditable substitute for 
shellac. 

7. Any samples of our products you may care to use 
your experiment will be gladly furnished. 

8. We will be pleased to submit samples for tests at 


any time. 


Many answers to questionnaires were of a type that would overlay 


those received from industry and consequently are included under 
that heading. 


EXPERIMENTS IN COMPARISON OF VARNISH AND SHELLAC 


13. A Cleveland paint company was one of the first to answer 
and suggest furnishing material for a test. The accompanying 
photographs show the type of patterns that were designed to test 
pattern coatings. They represent a deep draw, round and sharp 
eorners, fillets, green sand core, ete., that will help approximate 


the many demands that sand molding makes on a pattern coating 
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Pattern ‘‘A’’—Two Coats of Varnish 

14. Pattern ‘‘A’’ (Fig. 1), made of sugar pine, was given a 
priming coat of natural color (yellowish tinge) varnish the con- 
sistency of which was that of light machine oil. It was poured 
directly from the container and no thinner was used. The priming 
coat felt dry to touch within 25 min. after applying with brush. 
Grain on the pattern raised slightly. On sandpapering, the coating 
material was found to be tacky and clogged sandpaper slightly. 
The end grain of the pattern absorbed the varnish readily. 


15. The second coat was applied in natural color and con- 
sistency and felt dry to the touch in 214 hr. It dried with a smooth 
glossy and tacky coat. The sand stuck slightly to the pattern after 
214 hr. of drying. After fifty sand molds had been made, signs of 
wear showed on the round corners and the pulpy or soft tissue of 


the end grain. The brushing quality of the varnish was good. 


Pattern ‘‘B’’—Two Coats of Thinned Varnish 


16. Pattern ‘‘B’’ (Fig. 2) was of same material as Pattern 
‘“‘A.’’ However, the priming coat was thinned out with varnish 
thinner to encourage quicker drying. However, the drying took 
45 min. as compared to the previous 25 min. The other characteris- 
ties were the same as listed in ‘‘A,’’ excepting that the end grain 


absorbed the varnish very quickly. 


17. Application of the second coat was the same as Pattern 
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Fic. 3. 


‘A,’’ excepting the use of the thinned varnish. Results were th 
same. Sand adhered slightly to the wooden fillets. After 50 sand 


molds were produced, the only difference observed between ‘‘A’’ 


and ‘‘B’’ was that ‘‘B’’ had shown more wear (probably once 


again as much) as ‘‘A.’’ 


Pattern ‘‘E’’—Two Coats of Shellac 


18. Pattern ‘‘E’’ (Fig. 3) was made of sugar pine. The 
priming coat was of natural orange shellac. The flakes had been 
cut to a light consistency at the shop using a patented alcoholic 
solvent. It felt dry to the touch in 25 min. The grain in the pattern 
raised. The surface sandpapered readily leaving no resinous de- 
posits. Shellae was absorbed equally well by hard and soft grain, 


or an excess was left on the soft grain, thus giving an even coating 


19. The second coat was applied of shellac of the same (light 
consistency. The surface felt dry to touch in 15 min. with a smooth 
even coating showing. After 50 sand molds were produced, the 
pattern had more coating left on it than the previously tested 
varnish, except on the cope side which had rested on the mold 
board each time it was rammed. The pattern was first put into 
the mold for 30 min. after shellacking and showed slight sand 
adherence in places. 


Pattern ‘‘F’’—Shellac Primer, Varnish Topcoat 


20. Pattern ‘‘F’’ (Fig. 4) was made of mahogany. The 
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priming coat was the same shellae as used on Pattern ‘‘E.’’ The 


surface felt dry to the touch in 15 min. The grain on the pattern 
raised but the surface sandpapered readily with no resinous de- 
posits left on pattern nor clogging sandpaper. 


21. The second coat was with the varnish used on Pattern 
‘‘A,’’ applied as it came from ean. It brushed on evenly and 
readily, drying to touch in 3 hr. with a smooth but tacky, glossy 
coat. After use in the production of 50 molds, the pattern coating 
showed less wear than did the pattern with two coats of shellac. 
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Pattern ‘‘C’’—Red Colored Varnish 


22. Pattern ‘‘C’’ (Fig. 5), made of mahogany, was coated 
with a priming coat of varnish that had been colored red and was 
of the consistency as it came from the container. The vermilion 
pigment was first creamed with sufficient varnish to cut it. To this 
varnish was added later, until the depth of color wanted was 
reached. It dried to touch in 35 min. and sandpapered readily. 


23. The second coat was of the same color and consistency 


as the first and dried in 55 min. to a high gloss with a smooth but 
tacky coat. The material was brushed on easily. After 50 sand 
molds were made, the pattern was in a better state of preservation 
than any other pattern experimented with so far, showing slight 


signs of wear. 
Pattern ‘*D’’—Black Colored Varnish 


24. Pattern ‘‘D’’ (Fig. 6) was a mahogany pattern varnished 
black. The coloring pigment, lampblack, was introduced in the same 
manner as the vermilion red was in the experiment with Pattern 
**C.’’ Method of application was also the same. The drying time 
was one hour for the first coat and 55 min. for the second coat. 
After a run of 50 molds from the pattern, it revealed little wear. 


SUMMARY AND CONCLUSION 


The experiments with these patterns were inconclusive, 
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the various means of experimenting are considered. For in- 
stance, the color combinations here applied were on mahogany only 
and not on pine. Would the results have been the same as on 


mahogany? Only further experimentation would prove this. Also a 
further experimentation with thinned-out varnish on mahogany 


might react differently than it did on pine, ete. 


26. Returning to the preface in which mention was made of 
a varnish used during the World War, in a pattern shop that em- 
ployed on an average of 30 men, the varnish tried here shows much 
better results than those available at that time. The spreading 
qualities were above average and the fluidity made an even coating 
showing no overlap or run. The cost of the varnish is about 15 
per cent higher. Whether industry would be willing to pay this 
additional charge, sacrificing as it must some time in waiting for 
the varnish to dry, is difficult to answer. It would be well to experi- 
ment further with the pattern used in the experiments, or other 
designed patterns, under more varying circumstances to discover 


a better coating, if possible. 


Results of Questionnaires Directed to the Pattern Industry 


27. A second questionnaire was distributed to 273 pattern 


manufacturers of whom 90, or roughly 34 per cent, answered. This 
list included jobbing, manufacturing, corporation and foundry pat- 
tern shops. The distribution was widespread, including 16 states 
and Canada and 72 cities throughout the country. 


28. In drawing up the questionnaire, it was thought advisable 
to differentiate between the large, medium and small sized work 
to allow for a variation in coatings, their treatment or application. 


29. After tabulating the returns, the differences found were 
so slight that all three classes have been combined under the same 
heading. It may be of interest to note that two-thirds of the ques- 
tionnaire was devoted to shellac, lacquer taking the remaining 
third. The questions with their corresponding answers are given 


in the following paragraphs. 


Do You Prefer Shellac, Lacquer, Paint or Enamel? 
80 per cent of those who answered are using shellac as a coating. 
Reasons given for the use of shellac: 
1. Preserves the pattern. 
2. Easy application. 
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Economical. 

Quick drying. 

Water proof. 

Wears well. 

Does not soften in wet sand. 

Little build-up on patterns. (Change in dimensions) 


Can be used as a base for all colors. 


11 per cent are using both shellac and lacquer in coating patterns 
Reasons given for using both shellac and lacquer: 
1. Shellac is best primer and lacquer is best finish. 
2. Lacquer does not dry well on wax fillets, therefor: 
shellac is used as a base. 
& per cent are using lacquer only as a coating. 
Reasons given for use of lacquer: 
1. Preserves the wood. 
2. Wears good. 
3. Surface is harder and smoother. 
Best finish for sand use. 
More water-proof. 
1 per cent use both shellac and enamel as coatings for wood 
patterns. 


No reasons given. 


THE FOLLOWING INFORMATION PERTAINS TO SHELLAC 
Do You Use Flake, Pulverized or Cut Shellac? 
Flake shellac is used by 77 per cent answering. 


Cut shellac is used by 23 per cent. 


Give Your Preferred Method of Cutting Shellac 


It was found that the most popular method of cutting shellac 
is to cover the flakes with alcohol or other solvent and allow it 
to stand for 24 hr., during which time it dissolves. Other propor- 
tions are about four to one (4 pounds of shellac to one gallon of 
solvent). This is also known as a “4 Ib. cut.” 


Give Your Preference in Solvents and Reason for This Preference 





50 per cent use wood alcohol. 
Reasons given for its use: 
Inexpensive. 
Satisfactory. 
Dries fast. 


Price satisfaction, 
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36 per cent use other solvents under various trade nam¢ 
Reasons given for use of other solvents: 
1. Dries a little slower, therefore easier to handle. 
2. Dissolves shellac quickly and dries hard 


3. Satisfactory results. 
14 per cent use grain alcohol. 
Reasons given for using grain alcohol: 
1. Cuts faster. 
2. Best solvent. 
Prevents powdering. 
Has better adhesion. 
After two or three coats, surface will be absolutely dry 
What Is Your Choice in Black Pigment and Reasons for This Choice 
54 per cent are using black extract. 
Reasons given for using black extract: 
1. Cleaner to handle. 
2. Smoother finish. 
Richer color. 
Wears better and has a harder surface 
Dissolves better. 
Dries faster. 
More heat and water resisting. 


8. Dries harder. 
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mixed with shellac. 


‘onomical 


lampblack. 

ising lampblack: 
Seems to ha n shellac. 
Wears 
Economical 
A bsorbed 


Patterns do not stick in mold. 


What Is Your Cho in Red Pigment and Reasons for This Choice. 
38 per prefer English vermilion. 
Reasons given for this preference: 
Gives a brighter color. 
Mixes better. 
Quality is better. 
Does not fade. 
Wears better. 
Specific gravity less than shellac. 
Worth the extra cost. 


Use less for same results. 


34 per cent prefer domestic vermilion. 
Reasons given for this preference: 
l. Satisfactory. 
Low cost. 
Specific gravity less than shellac. 
Dries quickly. 


Wears well. 


28 per cent do not use red or did not answer this question. 


What Is Your Choice for Yellow Coloring and Reasons for Same. 
19 per cent use yellow pigment. 
teasons given for its use: 
1. It gives a nice, deep color. 
62 per cent do not use yellow coloring on patterns. 
19 per cent use clear shellac for yellow. 
Reasons given: 


1. Economical. 


Do You Use Aluminum Coatings? Reasons If Any. 


22 per cent use aluminum coatings. 
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Reasons given for its use: 
1. Looks better. 
Metallic coverage. 
Best for production work. 
Good wearing surface with shellac. 


Moisture resisting. 





78 per cent of those answering do not use any aluminum coatings. 


These Are the Most Common Methods for Preparing Powdered Color 


Pigments. 


1. The most popular method is to add enough solvent to 
pigment to form a paste, mix well and add solvent or shellac to 
preferred consistency, fiien strain through cloth while adding to 
shellac. 

2. In the use of black extract, the method preferred is to 
soak the powder in solvent over night, then stir well, and strain 
through cloth while adding to shellac. 


In both cases, add enough color to the shellac to secure the desired 
depth of color. 


Should the Priming Coat be Clear or Colored Shellac? 


47 per cent say it should be colored. 


Reasons given: 
Pigment penetrates the wood. 
Following coats cover better. 
Better body for finishing. 
Colored shellac does not adhere to clear shellac well. 
Makes it a fast color. 
Easy to apply the second coat. 


41 per cent say it should be clear. 





Reasons given: 

1. Cleaner sanding operation. 
Easier and faster. 
Better adhesion to wood. 
Does not raise the grain. 
Better base. 

6. Fills the grain. 

7. Brighter finish. 

8. Harder surface. 

9. Better penetration. 

10. Easy to check pattern. 


12 per cent made no comments. 
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State the Number of Coats Applied to the Following Types of W 
Patterns: 
Temporary Patterns. 
82 per cent apply 1 coat only for this type of pattern 


10 per cent apply 2 coats for this type of pattern 


7 per cent do not coat this type of pattern at all. 


1 per cent apply 3 coats 


Mediocre Patterns. 
74 per cent apply 2 coats for mediocre patterns. 
17 per cent apply 3 coats. 
6 per cent apply 1 coat. 


3 per cent apply 4 coats. 


Standard Patterns. 
62 per cent apply 3 coats on this type of pattern 
= 2 
15 per cent apply 2 coats 
10 per cent apply 4 coats 
2 per cent apply 5 coats 


Do You Use Oxalice Acid for Clearing Shellac? 


58 per cent do not use oxalic acid for clearing shellac. 
Reasons for not using it: 

1. Makes shellac sticky. 

2. Takes the life out of shellac. 
Retards drying. 
Breaks down body of shellac. 
No value for appearance. 
Makes shellac stringy. 


Shellac loses luster. 


12 per cent use oxalic acid. 
Reasons given for using it: 
l Better appearance. 

Clears shellac. 


Preserves shellac. 


State Your Preference, Reasons for and Objectionable Experiences, if 
uy, for Brushes with Tin Binding, Leather Binding and Rubber 
Binding 


44 per cent use rubber set brushes with rubber binding. 
Reasons given for using this type of brush: 
] Does not discolor shellac. 


) 


Lasts longer. 
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3. No corrosion. 


4. Hair does not come out. 


{1 per cent use rubber set brushes with tin binding. 
Reasons given: 
1. Only kind available. 
Easy to clean. 
Lasts longer. 
Bristles do not come out. 
Easily obtained. 
Economical. 
7. No objectionable features. 
12 per cent made no statement. 
3 per cent use rubber set brushes with leather binding 
Reasons for using this type of brush: 
1. Does not discolor shellac. 
2. More satisfactory than tin. 


State Your Preference for the Various Containers. (Glass, Crockery, 
4 ’ y 


Vetal, Enamelware and Wood.) 
36 per cent prefer crockery. 
Reasons given: 
1. Easy to clean. 
Eliminates discoloration. 
Preserves colors better. 
Less evaporation. 
Preserves shellac better. 


30 per cent prefer glass. 


Fig, 8—-Lerr -Onr Tyre Crockery SHeriac Container “1 Ricut —~Woopnen SHeirac 


ConTAINER 
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Coatep Metrat SHELLAC CONTAINER 


Does not iscolor shellac. 
Immune to solvents. 
Economical. 


nt preter metal 

sons given: 

1. Inexpensive. 

2. Not subject to breakage. 
Durable. 
Light and easy to handle. 


14 per cent prefer wood containers. 
Reasons given: 
1. Economical. 
2. No discoloration. 


Made in shop. 
Not easily broken. 


3 per cent prefer enamelware containers. 
Reasons given for this preference: 
1. No breakage. 
2. Does not discolor shellac. 


3. Easy to clean. 


THE FOLLOWING PERTAINS TO THE USE OF LACQUER AS A COATING 


Should the Priming Coat be Lacquer or Shellac? 
67 per cent of those using lacquer use shellac as a priming coat. 
Reasons given for using shellac as a priming coat: 
1. Shellac is a better filler. 
9 


2. Economical. 


Good body for lacquer. 
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Lacquer penetrates too freely. 

Lacquer does not adhere to wax. 

Lacquer drys better with shellac as a base 
Easier to sand shellac. 


Lacquer dissolves wax. 


per cent of those using lacquer as a top coat also use it as a 
ming coat. 
Reasons given for its use: 
1. Wears better. 
2. Better penetration. 
Does not raise the grain 


Penetration of color into the wood. 


Should the Priming Coat be Clear or Colored? 
46 per cent of those using lacquer use a clear prime coat, 
teasons given: 
1. Easier job. 
2. Use less sand paper. 


Shows up imperfections. 


33 per cent of those using lacquer use a colored prime coat. 


No reasons given. 


21 per cent unanswered, 


Do You Brush or Spray Your Lacquer? 
All the users of lacquer, in this survey, brush it on. 
Objections given to spraying lacquer: 
1. Runs. 
2. Fumes are objectionable. 
Spraying booth required by law. 
Too many color combinations on patterns. 
Not practical. 
Do You Prefer the A. F. A. Color Standard? 
63 per cent are in favor of it. 
Reasons given for favoring it: 
1. Better identification. 
20 per cent do not favor it. 
Reasons given for not favoring it: 


1. Takes too much time. 


17 per cent made no comment 
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rs) , 
as¢ 


sistency, and strain thi 


“onon 
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natured wood aleohol is used as a solvent by one-half 


ndaustry. It seems to meet all the requirements. Other 
‘ations have entered this field and are valnine in popularity. 
S reparations average around 36 per cent, all receiv- 


tory results. The prohibitive price of grain alcohol has 





discouraged its use as a solvent for shellac. However, 


‘rlooked, as its value for this purpose is ideal 


se answering the questionnaire still 


use 


terns reveals the necessity identi- 


coloring. Pigments of various colors are introduced 


for this purpose. A black extract, known by vari 





and lampblack share about equal popularity. 
extract claim a deeper penetration of 


users 





Red shellac is also used in pattern identification. There 
outstanding pigments in use for this purpose, English 


} 


and domestie vermilion. English vermilon is richer in 
stronger in coloring properties but higher in cost. Many 
turers are using the domestic vermilion with good results 
‘ases, the specific gravity is lower than shellae. A lighter 
stays suspended in solution, a heavier one is deposited 


‘ssitates stirring before application. The choice of the 


about equally divided 


Va } 
LG?MneENLS 





Another color used mn patterns is yellow. For this pur- 
‘+hrome yellow, coloida-lac and andel yellow pigments are used 


the shellae. Clear shellae is often used on the bare wood for this 


rpose. Both methods are considered practical and develop con- 


+ 


ast in colors with red and black. In certain instances, where 
res in patterns alter the contours of previously painted pat- 

he yellow pigment may be necessary to cover parts which 
previously black or red. Clear shellac, being transparent, 


practical in such cases 
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Aluminum Coatings 


39. On the subject of aluminum coatings, about 22 per cent 


use aluminum powder in shellac. The survey reveals that, althoug), 
it has merit, there is also considerable criticism. A statement fron 
two foundrymen deserves mention. They claim better drawing 
results and a longer wearing surface; others are not entirely satis 
fied. The latter claims that aluminum wears too fast and that the) 
can see no advantages. Experimentation with aluminum coatings 


is warranted because of its recent appearance. 


Preparation of Powdered Pigme nts 

40. It is necessary to prepare powder pigments before thei 
introduction into shellac as they do not dissolve readily. The most 
popular method is to add enough solvent to the pigment to forn 
a paste, mix well, thin to consistency desired, and strain throug! 
cloth before introducing into the shellac. Black extract powde: 
is soaked for 24 hr. in a solvent, then stirred and strained throug! 
a cloth. 


Priming Coats 

$1. The observer of the finished product may not attsc 
much importance to the question of whether the first, or priming 
coat, was clear shellac or a colored shellac. When the color pene- 
trates the wood, it is naturally easier to cover with the second coat 
liowever, it does take more time to apply the various colors on the 
first coat. Advocates of each method stress such points as, wear 


harder finish, better appearance, better adhesion, ete. 


Number of Coats for Various Type Patterns 

12. <A pattern falls into various classifications, according t 
the expectancy of its use. A product for one casting does not war- 
rant the cost of a finish that will outlive its use. Conversely, a 


high productive expectancy from a poorly coated product is absurd 


For this information, patterns were divided into three classes as 
follows: 
Temporary (or 1 to 3 castings) 
Mediocre (or 10 castings and occasional reorder 
Standard (or production run) 


One coat of shellac to fill the pores of the wood and to raise 
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n, sanded down to a smooth finish is the popular procedure on 
mporary pattern. Two coats for the mediocre pattern and three 
ts for the standard pattern. It is generally accepted that the 
sistency of the shellae should not be thick. Three thin coats are 


better than two heavy applications. 


Oxralic Acid 


{3. Subjected to exposure in containers, shellac becomes 
dy and has a dirty appearance. This is often corrected or 
eared up by the use of oxalic acid. It is not a good practice 
suse the acid tends to break down the body of shellac, causing 
siderable trouble, such as retarded drying and sticking to the 


[It is being used sparingly in reclaiming shellac 


14. A noticeable discoloration is caused by brushes with a 
binding and for this reason, brushes with a hard rubber binding 
preferred for shellac, though many using brushes with tin 
inding claim no objections and prefer them because they are eas) 


clean. 


(ontawmers 


45. Suitable containers are important in preservation of shel 
Glass and crockery are most commonly used. They are easy 
to clean and immune to attack of solvents and chemical re- 
ctions. Metal containers, properly coated to prevent chemical 
reaction, also are used because they are durable and not subject 
to breakage, as well as being light in weight. Wooden containers 


ire also practical and economical. 


Lacquers 


46. Lacquer has gained the favor of many manufacturers as 
a suitable pattern coating. Eleven per cent of the industry is using 
this material as a final coat over the shellac primer and seven 
per cent use lacquer exclusively. Shellac is used as a primer be- 
cause of its value as a wood filler and its quick drying properties 
[t is also easier to sand smooth and more economical than lacquer. 
At points where wax is used, as in fillets, ete., these surfaces must 
be coated first with shellac because lacquer does not adhere to wax 


ind reacts chemically with it. 
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acquer is claimed to make a harde 
wearing surface than shellac. Lacqu 
and patterns so coated draw well. It 1S 
by eliminating pigment preparation, and 
[he spraying of patterns is not practica 
ombinations used on patterns, and becaus 


ectionable. The best results are obtained b 


ted from a letter received from a mai 


lenge to further experimentatio: 


We have investig dad, aS completely as possible, oul 
ences on the finishing of wooden patterns. We hav 

not found anything better than shellac for this purpose, con 
sidering cost, convenience, ease of application, ete., but othe 
systems have been used. For instance, one system ealls for a 
coat of shellac which, on pine, usually raises the grain of 

ood. This is sanded and then a coat of patented gray 


that is reduced slightly with a shellac thinner used 


for brush application is applied. Black, ‘orange tints an 


reds have been used. One or two coats of lacquer are used, 
whichever may be sufficient. It has been found that this 
system gives some advantages but it does not last particularly 
long in contact with sand. Frankly, we do not believe 
other fast drying paint system would be expected to 
resistance to the abrasive action of sand particles to 


definitely greater degree.’’ 


CONCLUSION 


+9. It is in order to list the users expectation of a wood 
pattern coating along with a description of a pattern and its 
function. The following is a definition of a pattern as used in the 
instruction of classes at Cleveland Trade School, and it is rathe1 
flexible and inclusive ‘‘a pattern is a full-sized model made of 
suitable material on which provisions have been made for molding, 
coring, and machining.’’ The pattern is a tool in the hands of a 
molder; used to form an impression in a sand mold which is later 
filled with molten metal. The ecorebox is a frame into which sand 


é . ° } 
is tamped and the sand form is dumped on a coreplate and baked 





to withstand handling, action of flowing metal and pressure. 
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50. The principal wear and tear on pattern equipment is 
brasive action of sand rubbing against the sides, a constant ex- 
sure to a changing humidity, and the effect it has on wood, such 
pine, mahogany, cherry, ete. To offset the customary wear 
ender pattern equipment moisture proof, coatings are applied 
revealed in this survey. To merit consideration, the 


} 


coating 
he wood penetrating, quick drying, an elastic preservative 


0 wood, is durable and moisture proof 


yl. An experiment eould be undertaken by the chemistry 


physics department of an engineering college in conjunction 


the patternmaking or foundry course of engineering 


INDUSTRY Says 

2. Three out of every four still prefer flake to cut shellac 
shellac flakes are ‘‘eut’’ by covering shellae with the solvent, 
lowing it to soak over night, stirring it in the morning, and 
nned out to suit each man’s whim, which depends on his past 
perience and training. The absence of scales in pattern shops 
weigh the shellac is probably one of the reasons for not observing 
more definite or recommended procedure. Grain alcohol, as a 
solvent, is now little used. Solvents prepared by paint and varnish 
ompanies are rapidly replacing wood alcohol which still enjoys 


90 per cent hold on the market. 


53. Lampblack, the old reliable black pigment, is losing 


ground to black extract, a dye that has a deeper, smoother tone 


with results at least equally as good as those obtained with lamp- 


° 


Vermilion red is a two to one favorite over other shades 





Yellow pigment is little used by pattern manufacturers 


56. Aluminum powder, mixed into shellac or varnish, is 
slowly gaining favor. 


57. The use of pigments depends on the pattern buyers speci- 
fications : 


lacking these the manufacturer follows his own customary 
practice. 
58. The use of oxalic acid is seldom necessary in a good grade 


of shellac and yet this shellac, because of its grade, would be little 
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affected by its addition (that is, it could stand a slight adultera- 
tion). The cheap shellac is already so poor in grade that additior 


of oxalic acid renders it unfit for pattern use. 


59. Use rubber set brushes with rubber bindine 


shellacking 
60 ‘se crockery shellac containers for best service. 


61 The future pattern coating, based on this survey, wil 
probably be a shellac priming coat with a lacquer or varnish to; 


coat brushed on. The use of a spray at this time is impractical, 


62. An A.F.A. color standard for finishing pattern equipment 
is favored by such a large number of replies to this questionnaire 
that the question merits a paper on a revision in color standards 
for the next A.F.A. patternmaking session. The use of a natura 
(transparent) color shellac or varnish for the body of the patten 
which forms the bulk of it, would remove the common objectio 
that workmanship is hard to detect through a color. This would 
protect the buyer of pattern equipment as well as the conscientious 
manufacturer who attempts to keep in mind the welfare of th: 


foundryman in the building of pattern equipment. 


63. It is the hope of the writers that the purchaser of pat 
terns will give more than cursory attention to specifications 
ordering patterns. Ask for prices on Temporary pattern, one 0 
no coat of coating; a Mediocre pattern with two coats and Standa 


or production pattern with three coats. 


64. The least that is hoped for in the way of results of this 


paper, is closer observation of all concerned in the manufactur 


or use of pattern coatings and the passing on of related informa 


tion to the trade at large 
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Sand Affects Physical Properties of Gray Iron 
By H. W. Dretert* anp E. E. Woopuirrr**, Detrorr, Mick 


Abstract 

The influence of sand properties on the properties of 
cast materials has been a subject of discussion for some 
time. In this paper, the authors have studied the effects 
f moisture and permeability on the various properties of 
a gray tron. Such properties as fluidity, transverse 
strength, deflection, porosity, feeding, chill and micro- 
structure were studied. The authors found that fluidity, 
feeding, transverse strength, and deflection are reduced 
with excess moisture in the sand. Fracture is finer, graph- 
ite refined, steadite areas reduced in size, ferrite areas 
increased in size, porosity increased, as did also chill, with 
excess moisture. Fluidity was reduced, fracture is finer 
and lighter color, graphite is refined, and size of steadite 
areas reduced with increased permeability. Pearlite areas 
are more completely developed in low permeability sands 
and less completely developed with larger areas of ferrite 
with high permeability. The authors also found that 
moisture has a greater influence on the properties of the 
gray iron than permeability, although the latter exerts a 
noticeable effect. 


1. Those who have cast metals in molding sand undoubtedly 
ive noticed that the sand exerted a strong influence on the manner 
n which the metal solidifies in the mold. 


». This influence of sand on the cooling of metal in a mold, 
both in the liquid and solid states, is due to the heat conductivity 


the sand in the mold. The heat absorption of molding sands 


varies greatly for the various grades of sands used in the foundry 


It also varies, due to the condition of the sand as prepared for 


nolding; for example, variation in moisture. 


President, Harry W. Dietert Co. 
Sales Engineer, Harry W. Dietert Co. 

Nore: This paper was presented at a Foundry Sand Research Session of the 
tith A.F.A. Convention, May 8, 1940, Chicago, III. 
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Table 1 


Metrat Usep IN TEsSTs 


Graphitie Carb 
Combined Carbo1 
otal Carbo 
Silicon 
Manganess 
Sulphur 
Phosphorus 


Carbon Equivalent 


J. In a arch to determine the degree to which the sand 


fluenced the physical properties of a cast metal, a series of 


as deseribed in this paper were conducted. 


SCOPE 


The magnitude of variables that may exist in a mold is s 
that to consider all of them at one time would cause one t 


a mass of data. 


the presentation of this study, so that it will be 


practical value, only two mold variables will be considered ; mois 


+ 


ure and permeability of the sand. 


6. The physical properties of the cast metal that were con 


sidered are: fluidity, strength, deflection, porosity, feeding, chil 


and microstructure 


7. The type of metal to be used in the investigation received 
‘areful study. It was decided to use a cupola gray iron, feeling 
that this type of metal would readily reflect any influence due t 


the rate of heat absorption by the molding sand. The metal con 


position is given in Table 1] 


Test EQUIPMENT 


8. The molding sands used in this investigation were tested 
with sand testing equipment built in accordance with A.F.A. spec 
fications. 

9. The test patterns used to form the various test specimens 
for the physical properties of the metal are described in the fol- 


lowing paragraphs. 
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10 The fluidity ol the metal was determined by using the 


dity test pattern built in accordance with A.F.A. specifications. 


mold was made in a snap flask and poured without a jacket. 
Bai s 


11. The 1.2-in. diameter test bars for the strength and de- 
tion tests were poured in molds in equipment built in ae 
rdance with A.S.T.M. specifications, with the exception that a 

§-in. diameter pipe was used as a flask to give ample sand around 
» casting. A photograph of this equipment is shown in Fig. 1 
The transverse specimens were broken on 18-in. supports 
Chill Test 
12. The chill test pattern equipment consisted of a box in 
whieh a chill wedge step pattern, 214 in. wide and 514 in. long, 
was mounted. Across the width of the wedge appear steps 14-in 
wide and stepped 1/32-in. The box was rammed with sand and 
then stripped leaving a mold with the impression of the stepped 


wedge chill specimen. A photograph of a broken chill-test casting 


a Se 


Fic, 1—Patrern EquipMENT Usep To Mo.p 1.2-rN DraMeEreR Test Bars For DerermMiNnINnG 
STRENGTH AND DEFLECTION, 
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Fic, 2—Vrew or a Broken Cuiii-Test Castine. 


is shown in Fig. 2. The chill was reported in 32nds of an inch, 


each step showing white fracture is equal to a chill of 4. 
Feeding and Porosity Tests 


13. The feeding and porosity of the metal was studied with 


the aid of a ‘‘K”’ test pattern having a one-in. cross section. Ad- 


ro?) 


ditional metal was fed through the ‘‘K’’ test mold by attaching 
an additional bob pattern requiring 3-lb. of metal. This additional 
metal caused the ‘‘K’’ test bar to be more reliable and respond to 


a change 
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rostructures 
14. The micrographs were taken from polished and etched 
cections of the transverse test bar at fracture and 14-in. from the 


yuter edge. 
Pourtna Test Moups 


15. Considerable care was exercised in pouring the test molds 
to eliminate external variables such as cooling of molten metal or 
change in metal composition for any given series of molds. The 
molten metal for a given series of molds, for example, those used 
to determine strength-deflection versus moisture, was. poured from 
a 2-ton mixing ladle into a 500-lb. capacity bull ladle. The bull 
ladle was transferred 30 ft. to the molds. Two men, each using 
a preheated 50-lb. capacity hand ladle, poured the molds, thus 


reducing time to pour any given series of molds to within 3-min. 


PRESENTATION OF DATA 


16. The data for this investigation is best presented by di- 
viding it into two parts. The first part deals with moisture as 


the prime variable in the sand, and the second part, with the 
permeability of the sand as the variable. 


Part | — Effect of Moisture in Sand on the Physical Properties 


of a Gray Iron 


17. A group of molds for the various test patterns was 
rammed using the same sand, but varying the moisture from zero 
to heavy tempered sand. The zero moisture content mold was ob- 
tained by baking the molds in a core oven. The data as presented 
for this series of tests is data which is representative of a number 
of repeated tests. The physical properties of the molding sand 
used are tabulated in Table 1. 


18. It may be noted that the green permeability of the sand 
decreased from 95 to 56 as the moisture content varied from 0 to 
7.4 per cent. This reduction in permeability as the moisture in- 
creased, reduced the chilling effect of the sand due to the fact that 
ventilation of the mold was decreased. On the other hand. 
increasing moisture decidedly increases the chilling effect, the 
effect being greater in proportion than the opposite effect caused 
by the deerease in permeability. Therefore, it may be stated that 
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Table 1 
SAND UseEp IN StupyYING Err; 


AL PROPERTIES OF GRAY 


have been greater than those disclos 


permeability been held constant. 


ld, which is immediately dried 


varies from 95 to 70 as the moistur 


per to heavy temper. If the permeability 


+ 


he mold is used as a eriterion, then the 


in tl ‘sts with moisture as the 


pe neglected. 


iv¢ 


examination of the eross section of the special sa 
iat the molten metal would feed into a heavy sec 
ld was dried, or when the mold was made wit! 


low to give a d 


isture content was sufficiently 


moisture was at temper. 


feeding of ‘‘K’’ bars in left hand of Fig. 3, mad 


in sand with moisture at 0 and 5.1 per cent. 


with 7.5 per cei 


w from the high moisture sand. The physical pro 


show a gas blo p 
fluidity, strength, deflection and chill in the meta 


erties such as find 


are tabulated in 


of different moisture eontent 





The ‘‘K’’ bar made 


t moisture sand does not show any feeding. It does 


Table 2 as obtained from molds made with sand 
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Table 2 


PROPERTIES OF GRAY 


pattern, the 
in a mold 
t the rela- 
The fluid 
on the dry 


isture showed 26 to 26!) 


t 


Baek 
Sand and ful 


having t] 


wever, when the sand w tempered at 6.6 per cent 
fluidity dropped to 1414 buttons. With the sand on 
having moisture at 7.4 per cent, the fluidity was 
+ 


uttons, substantially one 


third of the fluidity for dry 
may thus be assumed that 


‘*misrun’’ and ‘‘eold- 
‘ts may easily be caused by 


aUusea 


working sand tem 


] 
Slade 


5.1 
MOISTURE 


View or Turee “K” Bars, Cut to SHow THE Errecr or MotIsTuRE IN THE SAND 


ON FEEDING OF MOLTEN METAL. 
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FLUIDITY - N 


l2 


10 
8 











0 6 
PERCENT MOISTURE 


Fic. 4—Errecr or SaNpb TEMPERING MorsturE Upon Iron FLutpiry 


E ffect of Moisture on Chill 


24. Table 2 and Fie. 5 show the relation between mois- 


ture of the sand and the chill of gray iron. The moisture-free mold 


gave a chill of 344, which was doubled in a mold where the sand 
was at a good workable moisture content of 6.6 per cent. With 
moisture increased to 7.4 per cent, the chill increased to 12. This 
data well illustrates how rapidly the moisture of the sand subtracts 
heat from the metal after it is poured in a mold. 


Or 


25. Realizing that the moisture of the sand materially affects 
the rate of solidification and cooling of a metal in the mold, leads 
one to believe that the transverse strength and deflection of a metal 
is vitally influenced by moisture of the sand. This effect may be 
studied from the data tabulated in Table 2 or from Fig. 6 


Effect of Moisture on Transverse Strength and Deflection 
26. The maximum transverse strength was obtained from test 
bars molded with sand at temper of 6.6 per cent moisture. As 
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moisture content increased trom O to 6.6 per cent, the strength Ol 
the test bars increased from 1835 to 1969 lb., undoubtedly due to 
a refinement of grain. The strength dropped to 1825 lb. when the 


moisture of the sand was increased to 7.4 per cent on the heavy 
side O mpel 
27 [he above series of test bars were made in a relativel 


open sand with permeability in the 50 to 90 range. A series of test 


a 20 to 30 permeability showed the same character- 


bars mad 
istics with the exception that peak strengths were usually found 


In moisture range just ahead of the temper point. 

28. Dr. R. Schneidewind, University of Michigan, found that 
a certain rate of fast cooling caused incomplete pearlite formatior 
with resulting weak ferrite grain. This condition undoubtedly 
explains in part the low strength of bars cast in high moisture sand 
where fast cooling is obtained. Another reason for low streneoth 
of bars cast in high moisture sand is the small gas-hole inclusions 


in bars east } lé ype sand 


6.6 


er | 


Fic. 7—FRactures oF TRANSVERSE Test Bars MapE 1N Mops witH SAND OF MoiIsTURE 
CONTENT AS INDICATED BY NumMBERS UNpeR Eacu FRACTURE. 











note thi 

gradually fron 6.2 cent moisture 
duced when moisture was increased from 6.2 
y cent. Thi how hé he cast metal loses 


property) tempered sand 


i] sSture on F) Clure 


fracture of a series of ‘engt t bars made in 

ferent moisture contents, Fig. 7, proves that the 

the sand influences the appearance of the metal frac 
‘acture of the bars, made in the dried mold, shows a 

eray color with a considerable ar in center, of coarser 
This definitely indicates slow cooling, due to lack of mois 
As the moisture content increases to 7.4 per cent, 


1 } e 
omes nLe i -O10r ! nas aecreasing areas Ol 


moisture will affee ize of graphitic 

Kor examples, see micrographs in Figs. 8 and 9 
‘ormed in a 1.2-in diameter test bar, poured in a 
zero moisture, is shown at the in Fig. 8. The 


preeiplti ae i ‘oOnipare ively slow eooling 


ured in a mold where the sand was tempered with 
oisture of 6.2 per cent, Fig. 8-Bottom, shows longer 
than that of ried mold. This is due to the 
metal in the semi-dry sand mold, since sand 


dry side has a lower permeability than a dried 


n the test bar is poured in a mold where the sand 
tempered to 6.6 per cent moisture, see Fig. 9-Top, 
well dispersed and of shorter flakes than that pro- 
per cent moist ‘e . The graphite produced by a 
th a sand tempered per cent moisture and on 


ing rapid cooling. 


sus MoImIsTuRE IN THE SAND 


of moisture on the pearlite, ferrite, steadite 


the manganese sulphide crystals is well illustrated 


12 and 15 
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Fic. 8—MICROGRAPH OF METAL %-IN. FROM OUTER EDGE oF TRANSVERSE as 
SHOWING GRAPHITIC CARBON STRUCTURE AS MOoIsTURE IS VARIED. NuMBERS IN UPPER 
Haxp Corners DESIGNATE Pex CENT MorstureE. MAGNIFICATION x100 


STRENGTH Bak 
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Sanp as Fic. 8 with DirrerENtT SAND MorstureE CONTENTS. 








SAND AFFECTS GRAY [RON 


“REP 


TRANSVERSE STRENGTH TrEst Bar, %-1N. FROM 


Upper Lerr Hanp Corners DesiGNare Morsturt 
SaNp. MAGNIFICATION: x500. 
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Fic. 12—MricrocrapH oF METAL %-IN. FROM OuTER EpGE oF TRANSVERSE TEST Bar For 
Various Moisture CoNTENTS OF THE SAND, as SHOWN BY NUMBERS IN Upper Lerr Hanp 
Corners. MAGNIFICATION: X1000. 
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SAME as Fic. 12 witH DirreRENt Morsture ConrTeNTs. 
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410 SAND AFFE 


ed the greatest degree are t 


Steadite areas W here the test bar was pourea in the dried mola 


the dry side with 6.2 per cent 


O! ha moid made i On 

moisture, the steadite areas are large. As the moisture 1s increased 
7.4 pe nt, the steadite areas become smalle: 

since they do not have an opportunity to grow, due to the qui 

Or It metal. 

39. The manganese sulphide crystals do not show any appri 
‘labli inge in size as the moisture content is varied. The pearl- 
itic fields are of a slightly finer structure as the moisture content 

the sand increases. The pearlitic field of the test bar made 
the dried mold WS a much more open structure than bars mad 
in th ereen sand molds 

36 The ferrite areas increase in size as the moisture content 


of the sand increases. This is undoubtedly caused by a more rapi 
setting of the metal as moisture increases, thus causing pearlite t 
be in¢ mpletely formed. This, the writers feel, caused in part 


the low strength obtained in bars east in high moisture sands. 


| The eralin size of the metal shows a marked reduction 


size as the moisture content is varied from the dry side to the 


Part 2— Effect of Permeability on the Physical Properties 
of a Gray Iron 


38. The molds, used in determining the influence of per 
meability on the physical properties of gray iron, were made of 
sands ranging from 25 to 170 in permeability. All molds wer 
rammed with sand at temper and then baked in a core oven t 
liminate moisture, thus largely dealing with only one variabl 


namely, permeability. The physical properties of the molding sand 


ire tabulated in Table 3. 


39. It was found that the permeability of the sand influence: 
the rate of metal cooling to such an extent that porosity was mi 


mized with high permeability sand. 
Effect of Pe rmeability on **K’’? Bars 


10. The examination of the sectioned ‘‘K 
Fig. 14 will reveal that the ‘‘K’’ bar made in 35 permeability sand 


bars, as shown 11 


has a large and deep porous area. The ‘‘K”’ bar east in 85 per- 
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Table 3 


PROPERTIES OF MOLDING SAND USED IN STUDYING THI 
PERMEABILITY ON THE PHYSICAL PROPERTIES OI 
GRAY IRON 


132 
7.4 
0.019 
159 


208 





io 
170 
70 
141 


sand shows a porous area as large but of very shallow 
The ‘‘K’’ bar cast in the 170 permeability sand shows prac 


porous area. 


EFFECT OF PERMEABILITY ON PHYSICAL PROPERTIES 
$1. The data tabulated in Table t covers the physical prop 
4 de > 


ties of the gray iron, cast in sand ranging from 27 to 132 in 


rmeability. In this series of tests, it was found that the per 


eability of the same cooled the metal in a mold by convection. The 


greater the permeability of the sand, the more free the circulation 
gases from the face of the mold to the atmosphere. Thus an 
creased amount of heat would be carried off as permeability is 
‘reased. This explains the reduction of porosity of ‘‘K’’ bars 


Fig. 14 as permeability is increased. 


35 RS 170 


PERMEABILIT ¥ 


bees eames 


14—View or Turee “K” Bars, Cur To SHow THE Errect oF PERMEABILITY OF THE 


SAND ON Porosity or Cast METAL. 
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42. Should this assumption be true, then an increase in per- 
meability may actually reduce the fluidity of the metal in a mold 
providing mold gas pressure is equal. The fluidity data, Table 4 
and chart Fig. 15, indicate that the fluidity may be reduced when 
permeability of the sand is much in excess of that required. At 
132 permeability, the A.F.A. fluidity test pattern shows a fluidity 


of 95 against a fluidity ot 99 at 27 to 68 permeability. 


Chall Tests 

43. Another good check on how permeability cools a meta 
is obtained from the chill test. (See data in Table 4 and Fig. 16 
The chill was increased from 9/32 to 11/32-in. as the permeabilit: 
was increased from 27.3 to 132. This difference in chill is not as 
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Table 4 


PHYSICAL PROPERTIES OF GRAY IRON AS AFFECTED BY PERMEABILITY 
OF THE MoLpina SAnpD 
Permeability 1. 68 132 
Moisture, per cent 0 0 
Transverse Strength, lb , 2020 1978 
0.364 0.350 
hill in gz-l ‘ 10 11 
Pie a oo 6 Ho. y 06 0:480 sve vw 29 25 
Metal Temperatures 26: 2637 2637 


great as Was experienced with a change in moisture. Thus, it may 
be assumed that moisture affects the cooling rate of a metal more 
than a change in permeability. 


Transverse Strength and Deflection 

14. This study may be continued by observing the effect that 
permeability has on the strength and deflection of gray iron. (See 
Table 4 and Fig. 17.) The strength of the metal decreased from 
2148 to 1978 lb. as the permeability increased from 27.3 to 132; 
while deflection decreased from 0.414 to 0.350 in. 
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Fic, 18—FRACTURE OF TRANSVERSE STRENGTH Test Bars, Cast IN SAND WITH 27.3 


AND 182 PERMEABILITY. 
leflection decrease is readily understood as caused 


pid cooling of the metal as the permeability is in- 


explanation of the weakening of the metal as per 


meabilit: nereased may be assigned to the under cooling phe 
nomena. Slow cooling, as obtained by low permeability, allows 
sufficient time for the pearlitic structure to form completely, re- 
sulting in a strong gray iron. In fast cooling, as obtained wit! 
132 permeability sand, the pearlite does not have sufficient tiny 
to form completely, resulting in large weak ferrite areas. A study 
of the micrographs, as shown in the succeeding paragraph, sub- 


} 


stantiates this theory. 


is interestine to observe the fracture of strength test 
18, noting the bluish gray fracture for the bar cast in 
.3 permeability sand. When permeability is increased to 68, 
fracture becomes much lighter in color. The fracture of the 
permeability sand is very light and of fine grain. 


CARBON VERSUS PERMEABILITY OF THE SAND 


The rate at which a casting cools is affected by the per- 
meabilit ‘ the sand in that heat is carried from the metal by 


gas-flow from the face of the mold to atmosphere. 


18. The magnitude of this cooling effect is well demonstrated 
by the micrographs, Figs. 19 and 20 showing the graphite flakes 
in test bars poured in sand with permeabilities of 27.3, 68 and 132 
The graphite flakes in the metal poured in the 27.3 and 68 per- 
meability sands are coarser than that of the metal poured in a 


ft 


sand of 132 permeability. A comparison between the graphite o! 
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SAME as Fic, 19. 


bars made in 27.3 and 68 permeability, Fig. 19, shows that the 27.3 


permeability sand produces practically all coarse graphite flakes 
while the 68 permeability sand produced both the coarse and very 


fine graphite. 


MICROSTRUCTURE AS AFFECTED By PERMEABILITY 


49. The permeability of the sand affects the rate of cooling 
sufficiently to show a distinct change in the pearlite, ferrite and 


steadite fields and in grain size. 


00. A study of micrographs in Figs. 21, 22, 23 and 24 will 
reveal that the steadite areas are reduced considerably as the 
permeability of the sand is increased from 27.3 to 132 due to an 
increase in the cooling rate of the metal. 


ol. Ferrite areas of appreciable size are produced by the 


fairly rapid cooling of the 132 permeability sand, which prevents 
complete formation of the pearlite. This is possibly a good explana- 
tion for the decrease in strength of the test bars as the moisture 
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Fig. 21—Microcrapus oF METAL %-1N. From Outer Ence or Transverse Test Bar. Cast 
IN SAND PossesstInNG PERMEABILITIESs As INDICATED IN Upper Lerr Hanp Cornens 
MAGNIFICATION : X500. 
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increased. Probably the greatest change in the metal may be note 
n the grain size. For example, the grain size of the metal poure: 
in 132 permeability sand is very small while the grain size of the 
metal poured in sand with 27.3 permeability is very much coarse; 
The micrographs in Figs. 21, 22, 23 and 24 illustrate admirably th, 
refinement of grain and graphite as permeability of the sand 


increases 


CONCLUSIONS 
The writers appreciate the fact that there are other var 


ables than moisture and permeability of the sand in a mold that 


affect the rate at which a metal cools in a mold. However, they do 


believe that the moisture and permeability are two very important 
properties of a sand that materially affect the physical properties 


‘f a cast metal. The data for fluidity, chill and grain size as pre- 


sented herein, may be applied to practically all cast metals. 


53. The findings concerning strength and deflection or duc 
tility may be applied in principle when one knows the effect ot 


rapid cooling on his particular metal. Without question, th 


I 
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Fic, 23—MuickoukapHs oF METAL %-IN. FROM OvuTER EpGE or TRANSVERSE TeEsT Bar. 
CAST IN PERMEABILITIES aS INDICATED BY NuMBER APPEARING IN Upper Lerr Hanp 
CorNERS. MAGNIFICATION: X1000. 
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strength and deflection trends may be reversed for certain irons oi 
different compositions other than that used in this investigation. 
The results of this investigation may be summarized by the follow- 


ing statements. 


1. Moisture in a sand when at or above temper wi! 
reduce the fluidity of a metal. 

2. The feeding of a metal may be greatly retarded by 
excessive moisture in a sand. Maximum feeding is secured in 


a dried mold. 


3. Both the transverse strength and the deflection of 


a gray iron, of similar composition as used in this investigation. 
are reduced by an excess in moisture of the sand. Moisture 
will affect the strength and deflection or ductility of man) 


metals. 


4. The fracture of a gray iron becomes finer in structur 
and lighter in color as the moisture increases. 
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5. The graphitic carbon is refined by an increase of 
moisture in a sand. 


6. The steadite grain is reduced materially in size by 
an increase in the rate of cooling as secured with an increase 


f moisture in the sand. 


7. The ferrite areas for gray iron of composition used, 
increased in size when moisture was high in the sand, causing 


a decrease in strength of the metal. 


8. High moisture content of the sand also tends to lower 
the strength due to gas inclusions of small size found in test 
bars cast in heavy tempered sands. 

9. Moisture of the sand has a very great influence on the 
physical properties of a casting. 

10. The porosity of a casting may be minimized by in- 
creasing the permeability of a sand providing the mass of 
metal is not too great. 

11. The fluidity of a cast metal may be reduced by using 
a sand with excess permeability 

12. The chill of a gray iron is increased with an increase 
of moisture in the sand. 

13. The fracture of a gray iron becomes finer and lighter 

color as the permeability increases. 

14. The graphitic carbon is refined considerably as the 
permeability of the sand is increased. 

15. The areas of steadite are reduced in size by an in- 


‘rease of permeability of the sand. 


16. The pearlitic areas are more completely developed 


permeability sands. 
17. The pearlite areas are incompletely developed with 
increased areas of ferrite when permeability is high for a 
particular section of metal. 


18. The permeability of a sand will exert a noticeable 


influence on all physical properties of a casting. 
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19. Considering a practical range of moisture and per. 


meability for a casting, it may be stated that moisture in th 
sand has greater influence on the physical properties of a 


easting than permeability 


DISCUSSION 


Presiding: W. G. REICHERT, American Brake Shoe & Foundry C 
Mahwah, N. J. 


N. G. DUNBECK!: In this paper Mr. Dietert has shown that the sand 
is at proper temper with 6.6 per cent water so it is probably a natural 
sand. He has shown he had certain detrimental results when the moistur 
content was over 7.4 per cent. I wonder what the result would be if a 
synthetic sand that is properly tempered at 3.5 per cent water were ru: 


at 4.5 per cent, 


Are we concerned with the total amount of water in the sand or the 


amount that the sand is over-tempered? 


Mr. DIETERT: The sand used in this work is largely natural sand. 
We did very little work with synthetic sands, but we are led to believ 
that the results with it would have been the same. For example, at 
per cent, we would have our maximum strength and at 4 per cent we 
would have had a material reduction in strength and deflection. 


H. WoMOCHEL? (Written Discussion): The authors conclude that 
variations in moisture content of the sand have certain effects on th 
properties of the metal. These conclusions are based on the results of 
transverse tésts made on bars cast in sands having a wide range of 
moisture contents. It would appear more logical to ascribe the differences 
in breaking loads to the presence of defects or stress raisers in the bars 
resulting from unsatisfactory molds. Bars cast under uniform and the 
most favorable conditions frequently show greater variations than those 


obtained here. 


The photomicrographs of Figs. 9 and 11 are of the irons showing the 
maximum and minimum transverse loads. There is nothing in these 
structures to indicate that there should be any difference in physical 


properties. 


MR. DIETERT: I would say that Mr. Womochel had a good point there 
if we had not made a large number of tests and had not taken the aver- 
age condition prevailing. In other words, we had to show results from one 
series of molds, but we made a large number of tests. In every case, the 
results would follow this same general trend, so they are really the aver- 
age of a large number of molds. If moisture does not affect the physical 
strength of our metals, I would like to ask why moisture affects the 


*Vice President, Eastere Clay Products Co., Ejfort, O. 
Michigan State College, East Lansing, Mich. 
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pearance of a fracture of an arbitration bar so materially. We expect 
make tensile strength tests from these bars in the near future. 


H. L. WOMOCHEL: I do not believe it is possible to arrive at any 
onclusions regarding the strength of metal by averaging the results of 
a large number of inferior bars. We have been carrying on research 
work of this kind at Michigan State College for the past two years, and 


we know that the sand does have some influence on microstructure, but I 

not believe that the authors’ results are conclusive. Conclusions re 
garding the properties of a metal cannot be obtained by averaging the 
results of a number of poor tests. 


Mr. DieTERT: I would like to know how Mr. Womochel knows that 
these bars which we made in our plant were inferior test bars. 


H. L. WOMOCHEL: One way that we know is that the authors say 
in the paper. The authors say that the bars have gas holes in them 


Mr. DIETERT: I did say that the bars in the 7.4 per cent moisture 
ld did show pin-holes. They are there in minute form; there is no 
doubt about it. Whenever we do use wet sand we have the pinholes, but 
the other bars were certainly beautiful cast iron. 


n 


H. L. WOMOCHEL: Inasmuch as you have those pinholes in your 
astings, how are you justified in saying there is this sudden dropping 
ff in the properties? 


Mr. DIETERT: Good foundrymen certainly have a lot of perseveranc: 
They never give up but keep on until they get a good casting. I would 
the microstructures do show some rather positive indications that 
indercooling is present, as Dr. Schneidewind has shown that cast iron 
may be undercooled. The best proof would be obtained by waiting a year 
or two and seeing the results of the progress of this work. I know there 
ill be other investigators like Mr. Womochel, and other foundries, who 
ill really go after this subject. In our daily work, we have found ther« 
factors in the mold other than chemical analysis that affect the 
rength of our castings. We can have the same chemical composition 
from day to day and the same iron temperature and get variation in cold 
hoting. We definitely know, comparing our moisture content by different 
sand systems that, whenever sand shows high moisture content, we get 
more cold shots. It has been shown that the back castings of boilers, 
when made in heavy tempered sand, have inferior physical properties as 
compared to those made in correctly tempered sand. The deflection of 
castings made in heavy sand is low. Most foundrymen know of some 
casting that has failed in service, not because the analysis was incorrect, 
but because the molding sand was not right. 


H. F. TAYLor*: In regard to the fluidity of the metal being governed 
the depths of chill expressed in -w#s-in. units, I notice that the 
length of spiral does not seem to follow any close relation to this factor. 


Metallurgical Engineer, Naval Research Laboratories, Washington, D. C 
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For instance in Table 2 is shown a very sudden drop in fluidity fron 
26 to 14 in. for the small change in chill depth from 6/32 to 7 

whereas no marked difference in length of test piece occurred when chil! 
depths varied from 7/64 to 6/32-in. Mr. Dietert inferred that the dro, 
in fluidity bore a direct relationship to chill properties. I wonder if th 
length of flow might not be influenced by other factors. I am not sur 
what type of test piece you are using but in tests I have conducted or 
cast steel using a modified spiral I have found that moisture varying 
over many times this narrow range had no effect on length of casting 
For any given temperature such drastic changes in fluidity were found 
to be a function of the condition of the metal, 7.e. the gas or alloy content 


Mr. DIETERT: The fluidity test piece which we used was an A.F.A 
test pattern of the spiral type. I do not know what direct answer [ car 
give to the question, but if you will compare the fluidity and the chill 
diagrams in Figs. 4 and 5 you will see that the fluidity is low and the 
chill is high when the permeability or moisture is high. We assumed 
that it was heat absorption of the water and ventilation of the sand that 


caused this increase of chill. It may be something else. 
: £ 


MEMBER: The sand may be responsible for the condition of th 
casting. Let us go back to a bar with lugs on; the bar is 3-in. thick with 
projecting lugs. The lug is % by %-in. Suppose those lugs are to b 
drilled and we are unable to drill them. The reason some of them cannot 
be drilled is that the iron flowing over that bar has chilled and dropped 
into the lug. I have found that if the sand is out of temper, or a littl 
bit on the wet side, the lugs will get hard enough so they will not drill 
and if the sand is in temper they will drill. It is definite proof that th 
sand is doing it. I agree with what Mr. Dietert has said. 





Damping Capacity, Endurance, Electrical and 
Thermal Conductivities of Some Gray 
Cast Irons 


H. Lorie* anp V. H. ScHngEE,* CotumMBus, OHIO 


Abstract 

In this paper, the authors record data accumulated 
during an investigation of the effect of copper on cast 
irons. They made a series of low, medium and high- 
carbon cast irons with additions of copper varying from 
0 to 3.0 per cent and studied the effect of that element on 
the properties indicated in the title of the paper. From 
their results, they determined that copper may benefit 
damping capacity at working stresses; that, as copper 
increases up to 3 per cent, there is a slight decrease in 
the endurance ratio; that it has little, if any, effect on 
the thermal conductivity within the percentages of copper 
investigated; and that the effect of copper on the elec- 
trical conductivity, again within the percentage additions 
nvestigated, was insignificant. For the records, the au- 
thors give an appendix to their paper which shows the 
method for computing percentage damping capacity. 


INTRODUCTION 


1. The engineering properties of gray cast irons are com- 
mly defined in terms of the ordinary static tests. The tensile 
strength, transverse strength, deflection and hardness, as deter- 
mined by tests on standard specimens reughly corresponding to 
the actual casting sections, are usually considered sufficient for 


design purposes. In the development of new alloy irons, it is 
lesirable to know the effect of additions of the alloying element 
n the less frequently determined properties of cast iron. The use 


f copper as an alloying element has, for example, resulted in many 
iquiries as to its effect on the thermal and electrical conductivities 
* Battelle Memorial Institute. 


Nort: This paper was presented at a Gray Iron Session of the 44th A.F.A 
vention, May 10, 1940, Chicago, Ill 
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and the dynamic properties of cast iron. During the course of an 
extensive investigation of the use of copper in cast iron conducted 
at Battelle Memorial Institute by several of the large copper pro 
dueers, attention has been given to the determination of thes 


properties for a few copper alloy cast irons. It is the purpose ot 


this paper to add the results of these tests to the rather meager 


data which are available in technical literature. 


DAMPING CAPACITY OF COPPER CAST IRONS 


2. As pointed out in the discussion of damping in the sym- 


t 


posium on east iron’, it is not so commonly realized that the effec- 
tive strength of a vibrating part may be made much greater 
made with a material of high damping capacity and only fair 


strength than if made with a much stronger material lower in these 
properties. MacKenzie’ gives the damping capacity as the reason 


why gray cast irons are so successful in bed plates and frames for 


machines and vibrating machinery of all kinds 


) Damping capacity has been defined as that property « f 

material which causes vibrations to die out. The classic example is 
that of a tuning fork; made of steel, the fork will vibrate for mam 
seconds ; made of cast iron, the vibrations will die out quickly ; and 


f made of lead, the fork would vibrate hardly at all. In this series 


lead is said to have the highest damping capacity and steel the 
owest. The soft irons have high damping capacities and in this 
respect are far superior to steel. As the strength, hardness, and 


stiffness of irons increase, the damping capacity is lowered but 


the high-streneth irons it is better than that of steel. 


even 1n 


{. An explanation of the high damping capacity of gray cast 


irons involves a consideration of its elastic properties, its low modu- 
lus of elasticity, compared to that of steel, and its metallographic 
structure. Gray cast iron is not a truly elastic material. The stress- 
strain diagram, obtained in the tensile or transverse test, is curved 
from its origin, showing some degree of plastic deformation as 
stress is first applied. In cyclic loading, its stress-strain diagram, as 


sketched by Robertson,® is shown in Fig. 1. 


5. The hysteresis loop represents the amount of energy ab- 


sorbed during each stress evele. The energy used to deform the 


metal is liberated as heat and causes a rise in temperature of the 


Superior mbers refer to the bibliography at the end of this paper. 





LORIG AND V. H. 


—__ 


TENSION 


_. CONTRACTION 4 ~ EXTENSION 


COMPRESSION 


~« 


Fic, 1 Hysreresis Loop or Mera. UNnpex RKeversep STRESSES. 


metal. An unlimited amount of energy can be dissipated without 
lamage by a metal subjected to cycles of stress below its elastic 

it. If the material were perfectly elastic between the limits of 
stress employed, this stress-strain diagram would be a straight line. 
There would be no hysteresis loop and the damping capacity would 
ye zero. The existence of damping thus implies plastic deformation 
as the proportional limit of the material is exceeded. The damping 
capacity varies with the applied stress as well as with the elastic 
properties of the material. It may be measured as the ratio of 


plastic strain to elastic strain. 


6. The low modulus of elasticity of cast iron relative to steel 
results in greater deformations in cast iron than in steel for equal 
stress concentrations, Cast iron behaves as a ductile rather than a 
brittle material in its ability to deform plastically under low stress. 
This permits the material to redistribute applied stresses and smooth 
ut stress concentrations that might be serious in steel. It shows its 
plastic behavior under just the conditions where plasticity is needed 
to prevent the building up of stress concentrations, that is, at low 
stresses. Ability to deform locally at low stresses, that is, a low 
proportional limit, seems to be one of the most important features 


of ‘‘erackless plasticity,’’ the term used by Moore* to lump to- 
gether the combination of properties accompanying low notch 


sensitivity. 


7. The graphite particles present in gray cast iron have no 
mechanical strength. They act as tiny voids in the material which 
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conceivably permit plastic deformation of the metal surrounding 
these voids at lower stress concentrations than would otherwise be 
the case. This contributes to the damping capacity of cast iron and 
helps to explain its low notch sensitivity as well. 


8. The Wohler Institute, Germany, has been a center of re- 
search for the investigation of the damping properties of materials. 
Foeppl® and von Heydekampf® have described the different methods 
that have been developed for the determination of damping eapaci- 
ty. This can be measured experimentally by static tests where the 
deformation produced by relatively small loads is accurately meas- 
ured by temperature measurements in a test piece under cyclie 
loading as in the fatigue test or by the energy absorbed by a fatigue 
specimen. The free vibration method described by Foeppl, and 
known in the United States as the Foeppl-Pertz test, has been 


adopted as somewhat of a standard for the investigation of damp- 


ing. The apparatus has been described by Smalley’ and Case.‘ 


Fic, 2—Apraratus ror Measurinc Dampinc Capacity, 1—SpecimEN; 2—FRaME; 8—5us 


PENSION; 4—Ho.pinc MaGNets; 5—PENpUuLUM; 6—PEN RecorpeR; 7—ANvit For HoLpINnG 
SpectmMen RiGip in FRAME, 
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nping Test Apparatus 
9. A photograph of the apparatus used for this work is shown 
Fig. 2. The frame is suspended on a flexible wire cable so as 
insulate it from any external losses of energy. The vertical test 
‘imen is rigidly clamped at the bottom end into jaws mounted 
the base of the frame. The top of the test specimen is clamped 
y a horizontal bar. 


10. The test is started by twisting this bar through the de- 

sired angle and holding it in this position by means of two electro- 

agnets located near the ends of the bar. Upon breaking the cir- 

t, a free oscillation of the test bar is set up. A stylus attached 

the end of the horizontal bar records a free vibration diagram on 

. clock-driven chart resting on the lower yoke. The immediate re- 
sults of this test are diagrams like those shown in Fig. 3. 


11. The per cent damping capacity is caleulated from the 
1utographie curves. These calculations are tedious and the details 
of the method are not available in the literature. For convenience, 
the derivation of the formulas and the method of calculation used 
have been added as an appendix to this report. 


12. An article’*1* describes a resonance method of deter- 
mining damping coefficients recently developed in Germany. It is 
‘laimed that this method more nearly simulates the conditions en- 
‘ountered in crankshaft service than the free vibration method. 
The torsional damping coefficients obtained show that damping is 
from 80 to 120 per cent greater with cast iron than with crank- 
shaft steels. The damping coefficient, shown by this test, varies 
with the tensile strength and modulus of elasticity in about the 
same way as that obtained with other methods of testing 


EXPERIMENTAL DATA 


Damping Capacities of Copper Cast Irons 


13. Sixteen cast irons were selected for the damping tests. 
These were taken from a number of experimental heats made in the 
indirect-are furnace under carefully controlled conditions. All melts 
were heated to 2800°F. in the furnace, poured into ladles and held 
until the temperature had dropped to 2550°F. before casting into 
test bars. Solid round specimens, of 0.50-in. diameter with an effec- 
tive length of 7.31-in., were machined from standard 1.2-in. trans- 
verse test bars for use in the damping tests. The compositions and 
static properties of these irons are shown in Table 1. 
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Table 1 


{POSITION AND MECHANICAL PROPERTIES OF CoprpER CAsT IRONS 
Usep FoR DAMPING STUDIES 


Hard 

Tensile Trans ness 

Strength, verse Deflec Brinell 

lb. per Strength, tion, at half 

sq. in, Ib. in. radius 
0.00 5S 2 40,500 2850 0.321 205 
1.00 45,500 2900 0.261 221 
1.72 49,000 2950 .243 245 
19,000 3850 812 259 
8.01 5 22 51,500 4450 .800 244 
0.00 48.500 3250 879 218 
0.58 17,500 8350 878 218 
0.99 50,000 3250 800 228 
1.45 53,000 8300 .800 2338 
1.98 54,500 8600 .812 242 
8.10 56,000 3550 291 253 
0.00 55,500 8500 B47 225 
1.01 58,500 8500 .278 246 
.B4 60,000 3600 281 253 
1.95 af 59,500 8400 252 261 
3.00 60,000 8750 293 266 


to bo bo 
nh bo bs 


2.09 


tober 


Go 9 Ge Ce te tS 


> to te to te te to 


14. The per cent damping capacity as calculated for differ 


values for the maximum fiber strength are given in Table 
‘se data are taken from a single test of each iron, although ac 


tually from four to eight tests were made. Tests were begun at low 


maximum fiber stresses and the stress increased in each test. 


15. The average damping capacities for various maximum 
fiber stresses for each of the runs are summarized in the charts, 
Fies. 4,5, and 6. It is evident that at low stresses, the irons differ 
very little in their damping capacities, but as the maximum fiber 
stress increases the stronger, alloyed irons are lower in damping 
‘apacity than are the weaker irons of the different groups. 

16. The damping capacities of the cast irons were computed 
at maximum fiber stresses equal to 15 and 35 per cent of the tensile 


streneths of the irons. These values are given in Table 38. 


17. This information is probably of greater practical impor- 
tance than is the information on damping capacities given in the 
sharts. It takes into account that iron castings are stressed in 
service considerably below the tensile strengths of the irons. At 
working stresses equal to 15 per cent of the tensile strength, the 
damping capacities of the irons appear to increase with the alloy 
content. Somewhere between a working stress of 15 and 35 per 
cent of the tensile strength, this order in the damping capacities 
is reversed, the copper irons then becoming of lower damping 
apacity than the irons without copper. In engineering applica- 
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Table 


Damping 


pacity 


Per Cent 


18.1 


2 (Cont.) 


— Bar 
Carbon 


) a 
11% 


> 
1.95% 


Coppe ? 3 
Maz. 
Fiber 


Stress, Damping 


lb. per ¢ apacity, 


8q. in, 
22,100 
19,100 
16,200 
13,700 
11,900 
10,200 
8.500 
7,000 
5,800 
4,500 
8,200 
2,500 


2,000 


BARNO 4 


c— Bar 
Carbon, 2.9 


Copper, 3.00% 


Max. 
Fiber 


Stress, Dam, 


lb. per Capa ty, 





12 


FIBER 


CAPACITIES OF 


16 


20 


STRESS 1000 .8./Sso. IN 


HicuH-Carson Copper Cast IRoNs. 


Per Cent $q. in. Per Cent 
15.7 23,500 
11.8 20,300 
11.1 17,500 
9.3 14,800 
8.8 13,100 
3 11,600 
3.3 9,500 
7.5 7.000 
6.0 4.700 
1 2.900 
1.7 1,800 
1.2 
|BAR |NO.5| 
[BAR INO. 6) 
, {BAR |NOI3 
: | 
BAR INO /2 
| 
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BAR NO 30 BAR NO.3 


/ 


/\BARNO 32-33+34 


BAR NO. 35 


AMPING 


ae) 








+ 8 : 20 24 


MAXIMUM FIBER STRESS 1000 L18./SQ IN 
DampinGc Capacities FoR MeprumM-Carson Copper Cast IRons. 
ns, cast irons are seldom called upon to resist stresses that are 
ove 20 per cent of the tensile strength. It appears probable that 


the damping capacity at working stresses, computed on the basis 


of a certain percentage of the tensile strength, may be benefited by 
strengthening with copper. 
ENDURANCE OF CopPpER CAst IRONS 


18. The endurance limit of a metal is the highest stress which 
t will bear for an unlimited number of repetitions without frac- 
ture. With ferrous materials, in the absence of corrosion, it is 
found that, if a specimen withstands 5 to 10 million repetitions of 


a given stress, it will withstand that stress indefinitely. 


19. The test is usually made by beam loading a rotating test 
plece of cylindrical section, so that the stress varies from a maxi- 
mum in tension to a maximum in compression at each revolution 
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The stress reported is the maximum tensile or compressive stress, 
that is, half the stress range. Almost all endurance data for gray 
irons have been obtained by the standard rotating beam test. Such 
testing is fully described by the American Society for Testing 
Materials.® 


Endurance Testing 


20. The standard test is made on specimens carefully freed 
from notches by polishing, since steels and non-ferrous alloys are 
very seriously weakened in fatigue by notches, poor fillets, too! 
marks or any type of stress raiser that produces local stress concen 
trations. Gray irons differ from other engineering materials in 
their immunity to the ‘‘notch effect.’’ This has been many times 
demonstrated, especially by Kommers.’® As the tensile strength o! 
the iron increases, the iron begins to show a slight effect of the 
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Fic. 6—Dampinc Capacities For Low-Carson Copper Cast Irons. 
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30 


ENOURANCE LIMIT 
23 


SMOOTH BARS 
HATCHED AREA 


NOTCHED BARS 
DASHED LINE- AVERAGE ONLY 
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20,000 30,000 40,000 50,000 60,000 
TENSILE STRENGTH—LB. PER SQ.IN.FROM1.2°BAR 





ENDURANCE LIMIT—1,000 LB PER SQ. IN 


Fic, 7—ComposirE Curve or Enpurance Data on Cast Irons SHOWING THE RELATION oF 


EnpuraNce Limit To TENSILE STRENGTH FOR SMOOTH AND NOTCHED SPECIMENS. 


notch, the notched bar endurance limit falling a few per cent below 
that of the unnotched bar, but the effect is scarcely evident in irons 
if 40,000 Ib. per sq. in. tensile strength. This is brought out by 
the references cited. These data and others are plotted against ten- 


sile strengths as shown in Fig. 7. 
Table 3 


(‘opPpER Cast Irons USED IN THE DAMPING STUDIES AND A SumM- 
ARY OF THEIR DAMPING CAPACITIES AT STRESSES EQUIVALENT TO 
15 AND 35 PER CENT OF THE TENSILE STRENGTH 


% Damping 
Chemical Composition* Capacity at 
Tensile Stresses Equal to 
Strength 15 35 
Cu. 1.2-in. Section, Per Cent Per Cent 
% lb. per sq. in. T.S. T.S. 
High-Carbon Cast Irons 
0 40,500 
1.00 45,500 
-72 19,000 
2.09 49,000 
8.01 51,500 
Medium-Carhbon Cast Irons 
0 48,500 
0.53 47,500 
0.99 50,000 ° 8.3 
1.45 58,000 9. 9. 
: 1.98 54,500 
3.16 ¢ 8.10 56,000 
Low-Carbon Cast Irons 
1 0 55,500 2 19.0 
1. 1.01 58,500 j 15.2 
87 1.S 1.34 60,000 7 15.1 
1.8 
l 


9 
15. 
2.90 


2.89 


2.91 1,95 59,500 7.7 14.3 
2.96 69,000 , 14.6 


*Manganese, per cent 0.52-0.58 
Sulphur, per cent ocr cebescesecsene cOueeeune 
Phosphorus, per cent ae 0.21-0.23 
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KXPERIMENTAL DATA 


Endurance Properties of Some Copper Cast Irons 
21. The results of a series of fatigue tests on six lots of 
medium-carbon cast irons containing different amounts of copper 


are shown in Table 4 g 


Table 4 


ENDURANCE LIMIT AND ENDURANCE Ratios oF Cast JRON 
CONTAINING 3.15 PER CENT CARBON, 1.50 PER CENT 
SILICON, ALLOYED WITH COPPER 


Tensile Endurance Endurance 

Strength, Limit, Ratio, 
Bar C. Si. Cu. lb. per sq. in. Ib. per sq.in (B) 
No. Te % f/ (A) (B) (A) 
30 3.16 1.54 0 48,500 23,000 0.47 
3i 3.20 1.50 0.53 47,500 19,000 0.40 
32 3.18 1.59 0.99 50,000 22,000 0.44 
33 3.15 1.58 1.45 53,000 24,000 0.45 
34 3.18 1.49 1.98 54,500 24,000 0.44 
35 3.16 1.44 3.10 56,000 23,000 0.41 


22. These tests were made with the standard R. R. Moore 
high-speed fatigue machines, operating at approximately 10,000 
revolutions per minute. The specimens were of the standard type, 
machined from the 1.2-in. diameter test bar. The standard speci- 


men is 0.270-in. in the smallest section and has a contour swept 


with a 4.993-in. radius. It is 37s-in. long. 


23. The endurance limit, as given in Table 4, was deter- 
mined by testing six specimens of each iron at various loads. A 
typical SN curve is shown in Fig. 8. As shown in the tabulation, 
an inerease in the copper content is accompanied by a slight de- 
crease in the endurance ratio. This is typical of the high-strength 


alloyed east irons. 
THERMAL AND ELECTRICAL PROPERTIES OF SOME CoprpER ALLOY 
Cast Irons 


24. There are frequent inquiries with regard to the effect of 
copper additions on the thermal conductivity and the electrical 


properties of gray cast irons. These inquiries are prompted by the 
anticipation that the addition of copper, with its high conductivity, 
may have a more decided effect on these properties of cast iron than 
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Fic, 8—Typicat SN (Stress-NumMBerR or Cycies) Curve OBTAINED IN DETERMINING THI 
ENDURANCE Limit For Cast Iron, 


the addition of other elements of lower conductivities. The avail- 
able evidence indicates that copper, in the amounts used in the 
common engineering irons, has little effect on either the thermal or 
the electrical conductivity. It is believed that in general the effect 
f changes in the carbon and silicon contents and the microstruc- 
ture of cast iron overshadows the effects of additions of normal 


imounts of alloying elements to the engineering irons 


Thermal Conductivity 


25. The 1940 edition of the Cast Metals Handbook, page 437, 
states that the thermal conductivity of gray east iron varies from 
0.110 to 0.137 calories per square centimeter per second per degree 
Centigrade. These values depend upon the composition and the 
structure of the iron. As the temperature is increased, the value 
for thermal conductivity is lowered. Donaldson," in a recent pub- 
lication, has reported the results of an investigation of the thermal 
conductivities of high strength and alloyed cast irons. These re- 


sults are shown in Table 5. 


26. To supplement these data, the thermal conductivities of 
a series of medium carbon east irons, containing from 0 to 3 per 
cent copper were determined. The method used was that developed 
by the National Bureau of Standards. It is described in Research 
Papers RP 668 and RP 669.’ The method, in brief, consisted of 


heating one end of the specimen, measuring the temperature gradi- 








ee ee 








440 


THERM 


AL 


Bar T.C. 
No. N 
l % 
2 ‘ 
3 3 
4 3 
5 3 
6 3 
7 3 
8 3 
9 3 
10 3 
ll 3 
12 2 
13 2 
14 2 
15 3 
16 3 
17 2 
18 
19 


ent along the specimen and quantity of heat 


CONDUCTIVITIES 


Si. 
1.48 
1.91 
1.52 
1.56 
1.40 
1.45 
1.89 
1.56 
1.58 
2.26 
2.31 
2.46 
2.20 
2.51 
2.51 
1.03 
1.80 
0.96 
6.42 


VARIOUS PROPERTIES OF GRAY CAST IRONS 


Table 5 


100 anp 400°C. 


OF PLAIN AND AtuLoy Cast IR 


Composition co K 
Mn. Ni. Cr. illoying 100 deg. C. 
N % % Element 
0.97 0.122 
0.97 0.110 
2.43 0.118 
0.94 0 ) 0.108 
0.97 0.39 0.131 
0.99 V—0.124 0.122 
0.76 W—0.475 0.118 
0.72 , 0.121 
0.69 Cu—1.58 0.112 
0.39 ach oe 0.111 
0.39 0.54 Mo—0.77 0.119 
0.45 a 0.110 
0.63 aise Mo—0.58 0.118 
0.63 1.71 0.54 eo 0.101 
8.11 1.00 pas 0.106 
0.65 1.49 0.54 oon 0.116 
0.62 13.70 8.87 Cu—6.41 0.081 
0.58 ‘ 0.95 Al—7.00 0.079 
18.65 2.02 0.070 


ONS A? 


400 deg. ¢ 


0.108 
0.1038 
0.101 
0.101 
0.114 
0.108 
0.105 
0.108 
0.101 
0.101 
0.109 
0.100 
0.108 
0.092 
0.097 
0.106 
0.075 
0.072 
0.0638 


passing through it by 


means of a heat-flow meter, which is a standard metal of known 


conductivity in contact with the cold end of the specimen. The 


specimens were machined from standard 1.2-in. diameter transverse 


test bars. They measured 2.0 em. (0.78 in.) in diameter and 15 em 


(5.85 in.) 


in length. The results obtained by this method are com- 


parable to those obtained by Donaldson, who used a somewhat dif- 


ferent method of measuring the thermal conductivity. 


Zi. 
values 
Fia 9 


lo 


CONDUCTIVITY 


THERMAL 


THe 


The experimental data are summarized in Table 6. The 


r the thermal 


99 
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conductivities at 2 100, 


200, 3 
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C. (73, 212, 392, 572, and 752°F.), shown in Table 7, were ob- 
ed by interpolation of the experimental data. In Fig. 9, the 


rmal conductivities at 100°C. (212°F.) are plotted against cop- 


- content. 
Table 6 


THERMAL Conpuctivity Data ON Six MepruM-CarBon, COPPER 


Cast IRons 


Copper Mean Thermal 
Content, Temperature, Conductivity, 
Per Cent “. Cal./cem.?/sec./°C. 

UV 163.5 0.107 
242.6 0.103 

0.100 

0.099 


0.102 
0.099 
0.098 
0.095 


0.99 59. 0.105 
3 0.102 

0.099 

0.098 


0.103 
0.101 
0.098 
0.097 


| 0.107 
lst test | 235.9! 0.097 
| 315.41 0.093 
1395.9 0.092 


{176.7 0.106 
2nd test | 259.7} 0.096 
348.7} 0.093 
439.2 0.093 


94.1 0.109 

3rd test | 131.41 0.102 
170.71 0.099 

209.5 0.103 


165. 0.106 
Ist test | 246. 0.101 
329.: 0.101 
413.: 0.097 


{ 97.5 0.107 

2nd test | 138.: 0.107 
179.6 0.107 

| 221.0 0.107 


Sectioning of the test specimen showed porosity in the regions where these values 


vere obtained, hence the low values. 








THERMAI 


Copper 
Content, 
Per Cent 
0 
0.53 
0.99 
1.45 
1.98 
3.10 


Bar 


No. 


CONDUC 


IVITY 
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Table 7 


OF COPPER 


CAST 


TEMPERATURES 


IRONS 


AT 


V 


IRONS 


ARIOUS 


Thermal Conductivity in Cal./cm.*/sec./°C. 


a 
0.112 
0.105 
0.108 
0.108 
0.114 
0.112 


99 
ray) 


100°C. 
0.110 
0.103 
0.106 
0.106 
0.110 
0.110 


200°C 
0.106 
0.100 
0.103 
0.103 
0.104 
0.105 


800°C. 
0.103 
0.098 
0.100 
0.099 
0.099 
0.102 


400°C, 
0.099 
0.095 
0.098 
0.096 
0.093 
0.098 








28. The 


small indeed although the indication that copper in amounts of 


effect of copper additions on the conductivity was 


2 to 3 per cent did not lower the conductivity may be characteristic 


Electrical Resistivity 
29 resistivities of the same series of medium 


the 


The electrical 


carbon irons which were used for determination of thermal 


conductivities were measured. This property was determined on 
1.90 21-in. (53.40 
+ ’ ry : : 

the transverse bars. The potentiometric 


Q.75-in in diameter by long 


1.2-in 
the 


leneth 


bars cm. cm. 


machined from 
resistance was used. The resistance was 


$0 em. at 


method of measuring’ 


measured over a of (15.7 in.) a temperature of 


23.5° C 


30. The experimental data are summarized in Table 8. These 
| 


results are plotted against copper contents in Fig. 10. The resistivi- 
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Corren ON THE ELecrricaL Resistivity 
1.50 reER cENT Siticon Cast Iron, 


Fic, 10—Errect or oF A 8.15 PER CENT CABKON, 
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Table 8 
ELECTRICAL RESISTIVITY OF COPPER Cast [IRONS aT 23.5°C. 


Copper 
Content, Resistivity, 
Per Cent Ohm/em, x 10-8 
0 58.4 
0.53 61.4 
0.99 61.8 
1.45 61.0 
1.98 59.2 
3.10 57.4 


Specimen 35 was flawed at one end. To avoid the flaw the potential terminals 
were placed to cover good metal only. 


ty of the iron increased slightly with the copper content up to 1 

‘cent and then decreased with further increases of copper. The 
resistivity of the copper iron, which contained 2.5 per cent copper, 
equalled that of the copper-free iron. 


31. From a practical viewpoint, these results indicate that 
the effect of copper in amounts up to 3 per cent on the resistivity 
‘cast irons is insignificant. 
Appendix A 


MerHop FOR COMPUTING DAMPING CAPACITY 


The Foeppl-Pertz damping test puts a test piece in torsion. 
The stress-strain diagram, Fig. 11, illustrates the method of 
omputation. 
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Fic. 11—Srress-Strain Diacram ILiustraTinG MeTHop or CaLeutatinc Dampixea Capacity. 
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When the test piece is twisted to an amplitude ¢,, it contains 
elastic energy represented by 14 the area OAB, because the stress 
varies from a maximum in the outer fibers of the specimen, repre- 
sented by the ordinate AB, to zero at the point O. At the end of 
one vibration, the amplitude will be e2 and the energy is repre- 
sented by half the area OCD. The energy loss during the vibration 
is represented by the area 4% DCAB, The mean energy during the 
cycle is represented by half the area OEF. 

The damping capacity is defined as the per cent energy loss 
per cycle. This is given by the expression : 


Are a DCA B 





9 
> vm 2 ‘ i -apacitv — ibaa ealaitssintsciititins 
=< per cent damping capacity = Area OEF 
2 
The area DCAB = S (e1-é€2) = SAe where 
S is the mean stress per cycle. 
The area OFF ln § X e. Therefore, 
i SAe 2ke 
¥ = per cent damping capacity =———__ = ———_ 


14, Se e 
The Foeppl-Pertz instrument is a device for measuring the quanti 
tites Ae and e. The machine uses a specimen of length / and diame- 
ter d. The twist in the sample is magnified by a pen at radius R 


A damping test record is shown in Fig. 12. 


The damping capacity can be computed from the test record 


by the following procedure: 


l Measure the amplitude a, 
(2) Measure the amplitude aye 
a, is related to e, of Fig. 11 by the equation, 


ay d a,d 


2 2k tl 


dod 
Pe Now 
4Rl 
d 
Ae = @; eo (dy - de) and, 
4R1 
€} Ce d ay - a 
2 {Rl 2 
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ak 
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Fic. 12—Dampinc Test Recorp. 


—$—$—$——————— 


2Ae 
Per cent damping capacity ¥ = 100> - 


therefore, 


2d 
(a; — de) 
4Re 
¥ Per cent—100 & ———— 
d 
— (a; + de) 
8Rl 
2 (a; — de) 
ee ee 
(a1 + ae) 


) 


S is the maximum stress between two vibrations. 


S = Ge when G is the shear modulus in Jb. per sq. in. 


In practice, it is seldom possible to measure the difference 
between successive vibrations accurately. Therefore the difference 
between two widely separated vibrations is measured and the 
average difference per vibration is then obtained by dividing by 
the number of vibrations between the two measured 

ad (a,— 4d) 
e then becomes ———— where n is the number of 
4Rl n 


vibrations between a, and do. 
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DISCUSSION 
Presiding: H. BORNSTEIN, Deere & Co., Moline, IIl. 


E. K. SmiTH!: What is the limit of solubility of copper in ordinary 
cast iron without separation of metallic copper? 

Dr. LoRIG: The amount of copper held in solution depends primarily 
on two things, the silicon content and the carbon content. In some high- 
carbon irons, we have noticed a separation of copper at about 4.5 per 
cent, but I have seen some high silicon irons that ran up to almost 20 


r cent copper with no separation whatever. 


MEMBER: Did the authors notice any effects as far as the corrosion 

resistance of these materials is concerned? Are these effects of copper 

aintained through the higher silicon ranges of 2.50 or 2.75 per cent 
silicon, with reference to corrosion, as well as these other properties? 


Dr. LoriG: We have not made any corrosion tests on the cast iron. 
Corrosion resistance is a rather indefinite property to determine since it 
depends so much on the materials that are being used and the corrosive 
media in which they are being tested as to the results obtained. 


MEMBER: I understand as far as the Southwest is concerned, they 


are using a lot of cooper-bearing cast iron. I was wondering if it was 


ecause of its corrosion resistance or whether it was due to some other 
physical property of this particular metal. 


Dr. LoriG: I think it is primarily due to its added corrosion resist- 
ance, obtained through the copper, that the copper-bearing cast irons are 
being used in that area. Some of the solutions with which the cast iron 
is in contact probably contain sulphuric acid and copper is especially 
good in adding corrosion resistance to iron exposed to solutions of that 


kind. 


MEMBER: What effect has the copper on the wearability of cast 


ron? 


Dr. Loric: I have seen very little information which would bear 
out whether or not copper influences the wear resistance. The micro- 
structure is one of many factors that has a tremendous effect on the 
wear resistance of iron. If copper tends to make the iron normal in 
structure, that is, if the copper addition changes the structure from one 
normally containing graphite in dendritic pattern and containing ferrite 
to one with flake graphite and a fully pearlitic matrix—changes which 
are quite possible to obtain—I think it probably would have a very de- 
cided effect on improving the wear resistance. 


* Metallurgist, Electro Metallurgical Co., Chicago, III. 




















VARICUS PROPERTIES OF GRAY CAST IRONS 


E. K. SmMitH: I would agree with Dr. Lorig that the microstructure 
has quite an effect and that any alloy that will tend to give a preferred 
microstructure will increase the resistance to wear, for instance, copper, 
nickel, chromium or molybdenum or unalloyed irons that have preferred 


structure 
Dr. Lorig, will the copper eliminate ferrite? 


Dr. Loric: It has a tendency to do so if added to the ladle. Like 
many other additions, it has an effect upon the iron if added late, just 
like steel and many other ladle additions will tend to give a more or less 


normal structure if added late. 


T. E. EAGAN2: I want to add something about the addition of copper 
to resist wear in diesel engines. Up to one per cent, it does not increase 
the resistance to wear, but we believe gives just the opposite result. 
After a year and one-half of investigation on wear resistance in diesel 
engine liners, we have found that copper is a very poor addition to put 


into a liner to resist wear. 


CHAIRMAN BORNSTEIN: Would you mind telling us what the base 


composition of that metal was? 


Mr. EAGAN: It was around 2.70 to 3.10 per cent total carbon, 1.70 


per cent silicon, and an addition of 1 per cent copper. 


A. L. BOEGEHOLD®: In Mr. Eagan’s case, copper had a deleterious 
effect, but I can cite cases where the effect would be the reverse. With a 
structure that is unbalanced to the extent that there is a certain amount 
of brittle carbides in the structure, copper can be put in to counteract 
that effect and bring it back to where it should be. In that case, there 
will probably be an increase in wear resistance. I say “probably.” As a 
matter of fact, we have some results of tests on a lubricated wear test 


machine that indicate that is the case. 


G. P. Puriuips*: I might add that the wear tests we have been run- 
ning on hardened diesel sleeves for about two years, copper-chrome 
hardened sleeves, have shown very good results on all wear tests. I just 
mention that to go along with the statement Mr. Eagan made about his 
bad results. 


CHAIRMAN BORNSTEIN: A lot of experiments that we have made on 
additions of various alloys and combinations of alloys to cylinder blocks 
indicates that the addition of copper and chromium to cast iron has in- 
creased the wear resistance and has improved the microstructure. 

*Chief Metallurgist, Cooper Bessemer Corp., Grove City, Pa. 
® Metallurgist, General Motors Corp., Detroit, Mich. 
* Metallurgist, International Harvester Co., Chicago, Il. 











